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INTRODUCTION
Organic polymers which can withstand temperatures in excess of 400°C for
sustained periods of time without significant degradation or phase changes may
‘ be considered as heat tesistant.l High heat-resistant polymers have been of
general interest for many years and until recently only limited success was
achieved in their synthesis. The material requirements of space technology has
stimulated new interest in heat-resistant polymers and has led to the formula-
tion of certain general princ:i.ples2 which must be met by an organic polymer
to be stable, namely,
1) only the strongest chemical bond should be used in the
polymer structure
2) the structure must allow no easy pathways for molecular rearrangement
3) there must be a maximum use of resonance stabilization
4) all ring structures in the polymer should have normal bond angles
5) the polybinding principle should be used as much as possible.
It is not surprising, therefore, in light of these principles that the
; most promising heat-resistant organic polymers are the poly-conjugated and the

» poly-aromatic type. Marvel, in particular, has shown3 that the polyphenyls

~
/’\ 5 and the polybenzenimidazoles, EE/\/IL;)}E show remarkable
N

heat stability. Analogous to these polymers, one might expect that a conju-
gated system linked together by -C=N- in an aromatic system, -ArC=N-Ar-, might
show this remarkable heat stability. The simplest compounds possessing this
. structure are the non-polymeric Schiff bases, CgH5CH=NCgHs ,
| CglisCH=NC H, N=CHCHq and CgHgN=CHC¢H,CH=NC¢Hs, which are sufficiently stable

that they can be distilled at atmospheric pressure without decomposition.
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Consideration, therefore, was then given" to the synthesis of polymers con-
taining these structures.

Specifically, the conjugated polymeric Schiff bases have been selected,
under this research, as candidates for synthesis and for evaluation as Heat

Resistant Pol xS .

#N-ArN=CHATCRS
wherein Ar represents an arylene-type moiety such as
03y A Lyl
It has been shown in our previous reports that the classical method of
preparing Schiff bases is not completely satisfactory when applied to polymer

syntheses by using a dialdehyde and a diamine in solution:

Hy0 or
n GHCArCHO + n BzﬂArNBZ -c%—ca-ﬁ—-) n nzo + %NArN=CBArG!}n (eq. 1)

Syntheses in solution yield insoluble, infusible, non-fabricable "brick-dust
polymers" of low molecular weight ranging in color from yellow to orange.
Black polymers should be expected if the molecular weight is sufficiently high
so that conjugation is extensive. Preliminary experiments demonstrateds’6
that these dialdehyde and diamino compounds could be reacted in a melt to pro-
duce as intermediates highly conjugated black, soluble, fusible polymers.
However, because of the melt temperatures required, the polymerization is
difficult to control but fabricable, soluble, fusible polymers could be ob-
tained by interrupting the reaction at early degrees of polymerisation.

The deficiencies of the solution and melt processes indicated that a de-
crease in the reactivity of the (a) aldehyde function or (b) the amine func-
tion, or (c) both functions, might be beneficial to the polymerization reac-

tion by slowing down the polycondensation reaction as well as by preveanting

oxidation and degradation during the polymerization reaction.
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The decrease in reactivity of the reagents was to be achieved by con-
verting the aldehyde function, -CHO (1) to other suitable derivatives such as
the aldimine function -CH=NR (2), and to the acetal function -CB-(OR)2 3),
and to convert the amine function -N,, (4) to suitable derivatives such as an
anil function -N=CHR (5), and to the amide function -NHOCR (6), and the re-
tardation of the reaction was to be achieved by using these derivatives in
place of the aldehydes and amines respectively, as shoum in Table 1 for the
syntheses of typical Schiff bases.

Table 1

Reagents for Possible Syntheses of Schiff Bases

Aldehyde or plus Amine or
Derivative Derivatives
(1) -cHo (4) -nNH,

(2) -CH=NR (5) -N=CHR
(3) -CH(OR)2 (6) -NHOCR

From the reagents in Table 1, nine reactions, (1) + (4); (1) + (5); (1) + (6);
@) + (8); (2) + (5); (@) + (6); (3) + (4); (3) + (5); and (3) + (6) are
possible for the syntheses of Schiff bases. These are summarized in Table 2.
Simple non-polymeric Schiff bases are to be expected in a reaction when both

reagents are monofunctional, whereas the production of polymers would require

that both reagents have a functionality of at least two. The synthesis of non-

polymeric Schiff bases from aldehydes and amines, (1) + (4), have been known

8
for some time, and the application of this reaction by using dialdehyde and

11-13

diamines to the synthesis of polymers is relatively recent. The litera-

ture on the synthesis of non-polymeric Schiff bases by an amine exchange

reaction (2) + (4) is meager

None of the other reactions listed in Table 2 appears to be reported in the

-3 -
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Table 2

Reactants for Non-Polymeric and Polymeric Schiff Bases

Reaction Fun;tiggal' Literature (ref.)
Pairs Groups © Non-Polymers| Polymers
(1) + (&) -CHO + -§, ref. 8 ref. 11-13
1) + (5) ~CHO + -N=CHR| unreported |unreported
(1) + (6) -CHO 4+ -NHOCR| unreported |unreported
(2) + (4) -CH=MR + -§, ref. 9,10 unreported
) + (5) ~-CH=NR + -N=CHR| unreported | unreported
(2) + (6) -CH=NR 4+ -NHOCR| unreported | unreported
(3) + (%) -CB(OR)2 + -NH, unreported | unreported
3) + (5 -CH(OR)2 + -N=CHR| unreported | unreported
(3) + (6) -CB(OR)z + -NHOCR! unreported | unreported

literature. Accordingly, it was necessary to establish the validity of these
reactions in prototype syntheses of non-polymeric Schiff bases and to apply
these reactions to the syntheses of polymers, if they were found to be

4-7

operative. Preliminary tests showed that most of the reactions of Table 2

are applicable broadly tc the syntheses of non-polymeric and polymeric Schiff
bases, and further experimental data have confirmed the earlier conclusions.l"-7
Accordingly, the investigations were divided into two sections: (I), the
syntheses of non-polymeric Schiff bases and related compounds, and (II) poly-

meric Schiff bases and related structures.



I, Syntheses of Non-Polymeric Schiff Bases and Other Azo-Methines.

A number of non-polymeric Schiff bases and related azo-methines were
selected for synthesis on the basis of structures which were related to the
desired polvmers. The reactions by which they were synthesized were considered
as prototype reactions on which the syntheses of the polymers would be based,
if the postulated reactions were successful. In general, these syntheses were
predicated on the usual reactions of carbonyl compounds or suitable derivatives
thereof with amino compounds or their suitable derivatives. Since there are
pairs of amino and carbonyl compounds which do not react as expected, other
syntheses which would yield the desired derivative were also considered. One
such synthesis is included in the reaction of an arylamine and a carbonyl
compound, even though the reaction is not a condensation reaction but actually
is an oxidation-reduction reaction.

A. From Carbonyl Compounds and Amines.

1. From Aromatic Aldehydes and Aromatic Amines.

Historically, the term "Schiff Base" has referred to benzylidene aniline,
CGHSCH=NC6BS’ its homologues and derivatives.

Non-polymeric Schiff bases are usually prepared8 by reacting the amine and
the aldehyde compound directly or in a solvent such as ethyl alcohol or water
in the presence of a Lewis acid to give an equilibrium yield of the Schiff base,

thus HC1
1197 SN
ArNg, + ArCHO — ArN=CHAr + H,0 (eq. 2)

Since the non-polymeric Schiff bases were required in this research both
as intermediates and as monomers, an improved method for their synthesis was
developed.s This new improved method, which uses5 an azeotroping media such as
benzene or toluene in a Dean-Stark apparatus, consists in refluxing the mix-
ture of amine, aldehyde and the azeotroping agent until the theoretical amount

of water of reaction is obtained to yield an almost quantitative yield of the

-5 -
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crude Schiff base. The recrystallized compounds prepared by this method were
compared with compounds prepared by the normal equilibrium method, or with
compounds known in the literature and found to be identical. The syntheses
of a number cf Schiff bases by the solution and azeotropic methods is sum-

marized in Table 3.

2. Azo-Methines from Other Carbonyl Compounds and Amines.

By common usage, the term Schiff base has been applied to compounds other
than the benzylidene-anilines, and such compounds as the ket-anils, R2C=NAr;

CH=CH
the quinone-anils, . CgHgN=C{ ~ DC=NC.Hs and the azines CgHgCH=N-N=CHCgHs,
CH=CH
etc., have been termed "Schiff bases." The historical Schiff base and these
compounds belong properly to the class of azo-methines whose basic structure
comprises the -N=C< moiety. In this research preliminary studies were under-
taken to determine whether any of the azo-methines, related structurally to the
benzylidene-anil type Schiff base had possible uses as intermediates in the
preparation of polymers.

Usually, the Schiff bases are the reaction product of an aromatic alde-
hyde, such as benzaldehyde and an aromatic primary amine such as aniline, RCHO,
and an aromatic amine, AINBZ, would be of interest as possible intermediates
in preparation of Schiff base polymers by exchange reactions. In most cases,
however, the reaction product is not the expected compound, but an alkylene
derivative, RCB(N!iAr)2 or aniline-type resin.zo In this research all attempts
to produce C6H5N=CHCH=NCBHS from glyoxal and aniline produced aniline-aldehyde
type resins instead of the desired derivative. However, by using ortho-
aminophenol, it was possible to obtain a derivative of the parent substance,

21
according to the reaction

i: ?H
GiiCCHO + 2 o-HZNC6540H » _’_\ N=CH-CH=N<{’ M} + 2 BZO (eq. 3)

-7 -




which could possibly be used as an intermediate in polymerizaiion reactionms.

The absence of resin formation in this derivative is attributed to sta-
bilization due to chelation involving the hydrogen of the phenolic hydroxyl
with the nit t th

nitrogen atoms, us ol HO -
v v
@-m-ca:n 7

Since, in this research, it was necessary to establish the breadth and depth
of exchange reactions and to establish that a terminal aryl group is not essen-

tiel in the exchange reactions, the syntheses of bases having the azo-methine

R
]
R R

‘>C=NAIN=C<; were considered as possible candidates and their synthesis from
R

structures, ArN=C| , were considered. Compounds of the general structure

ketones and arylene diamines undertaken.6 The reaction of acetone and

p-phenylene diamine,
2 CH4COCHy + NH,<(* ?‘)'mz + 2 HO + (CH3)2C=N<{7_‘»N=C(CH3)s (eq. &)
was triedzz without success. Modifications of equation 4 were attempted using

2,2'-dimethoxy propane23 according to equation

CH30 OCH,
2 Cly-E-Cy + BN/ VM, + 4 CHgOH + (CH3) 26=N{ V»N=C (i) (eq. 5)
were also unsuccessful as were the related proceduteszl'”25 using acetone, the

amine and potassium cyanide in the presence of acetic acid. However, this
class of compounds was successfully synthesized by using higher boiling ali-
phatic ketones of low water solubility, such as diethyl ketone and 2-pentanone,
which are capable of azeotroping water, and refluxing the reaction mixture in
a Dean-Stark apparatus until the theoretical amount of water is eliminated by
the reaction:

H:C /CZHS

= 5C2 :
2 (C,Hg),CO + 112::‘\/:))-1% + HSC2>C=N a nz:c\c . + 2 Hy0 (eq. 6a)
oHsg

-8 -




CB

p—— B,C —
3 \\ " \‘ -’/ 3 3 < L £
2 (H3COC3H7 + HZN@NBZ - - /HUH\C ; + 2 Ii20 {eq. 6b)
37 397

The quinone-dianils are related structurally to the aliphatic azo-methines
and are also of interest as intermediates for polymer synthesis. Their syn-.
theses would be expected5 from the reaction of a quinone and an apiline
according to the equation

o{_f}o +2 NEpCQHs + HsCEN{)NCeHs + 2 Hp0 (eq. 7)
The synthesis according to this reaction was not successful since the first
reaction is an addition of aniline to the quinone ring, followed by oxidation

by unreacted quinone26 thus:

HC - NiC i) NH»C
0@04,(:61{5“2*02}051‘59{;}10_, o/~ Ng &5 1) NiaCells —>

\=—/" " i1) 0=2)=0
NHC H
o@w + RO@OH (eq. 8)
NEC6BS
_ . 27,28
The desired quinoie dianil was synthesized by the mild oxidation of

triphenylene imire by quinone according to the equation

D rm{ Dyl + o{=}0 » Bo{ yom+ O aDy=n {2 (eq. 9)

Attempts to prepare naphthaquinone dianil by the reaction of naphtha-

quinone and aniline, HCelig
j +2 CHgNE, (eq. 10)
"NC

65
failed to produce the expected product even when its synthesis was attempted
by the azeotrop:ic method. The product melting at 189-192°C previcusly re-
ported6 as the desired product gave elemental analyses which showed that it
was a mixture of substituted naphthaquinones, probably formed by a mechanism
similar to that found ian the reaction of the parent quinone znd aniline. In

contrast to quincne ané naphthaquinone, anthraquinone failed to react with

-9 -
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aniline under a variety of conditions including ZnCljy catalysis.
Another azo-methine of possible interest as an intermediate in polymer
synthesis is the azine, benzalazine,CgH5CH=N-N=CHCgHs, which is readily pre-

pared29

from benzaldehyde and aqueous hydrazine.

The syntheses of these azo-methine compounds of interest in this project
and which are related to the Schiff bases, are summarized in Table 4.

3. Experimental.

a. From Carbonyl Compounds and Amines.

i) The Equilibrium Method.

The procedure given in Organic Sznthesesl4 was used when the carbonyl com-
pound or the amine or both were liquids; this procedure was also found to be
applicable when a 647 aqueous hydrazine solution was reacted with benzaldehyde
in the preparation of benzylidene azine and when 307 aqueous glyoxal was
reacted with o-aminophenol.

ii) Azeotropic Method. &

Into a ground-glass jointed round-bottom flask is placed 1000 ml of azeo-
troping agent such as benzene or toluene per each mole of expected product, the
carbonyl compound and the amine in proper molar proportions, and the flask
attached to a Dean-Stark trap equipped with reflux condenser and required
accessories, The trap is filled with the azeotroping agent and then the mix-
ture heated at reflux until the theoretical amount of water is collected in the
trap. The reaction mixture is then cooled, allowed to crystallize and the
reaction product removed from the mother liquor by filtration. By concentra-
ting the mother liquor to 10-20% of its original volume under water aspirator
pressures at room temperature, additional product can be obtained. Due to
mechanical losses the isolated yield of crude product in small batches may be

reduced to 95-97%. Two or three recrystallizations from 957 or absolute alcohol
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yield final products of high purity. Best results are obtained when freshly
purified reagents are used in the syntheses. )

In the reaction of p-phenylene diamine with diethyl ketone and 2-pentanone
respectively to prepare the corresponding ketanils, the ketone was used as the
azeotroping agent in the absence of benzene or toluene, and the reaction con-
tinued until the theoretical amount of water was obtained. Since the final
products are oily liquids, they were isolated by distillation to narrow boiling
fractions. The final yields of products triple-distilled in the range of 0.8
to 1.2 mm pressure were from 35-45%.

b. By Oxidation of Aryl Amines.

The procedure27 of Ciusa, Brilll, and G. Ottolino was uzed to oxidize tri-
phenyleneimine by quinone to produce quinone-dianil. 2.48 g. of Triphenylene
imine, 1,08 g. of benzoquinone and 30 ml of 95% ethyl alcohol were mixed in a
ground-glass jointed flask attached to a reflux condenser and the mixture
heated to reflux for fifteen minutes; a heavy dense precipitate formed. The
mixture was then cooled to 0°C and the precipitate removed by filtration.
Melting point of the crude product was 165-180°C, Recrystallization from
alcohols, and then from benzene gave a product of m.p. 180-181°C (litetatureZ7
m.p. 180°C).

4. The Mechanism for Amines and Carbonyl Compounds,

The simple condensation of a primary amine and an aldehyde or ketome to

produce a Schiff base has been shown to occur in two distinct steps.3o-32
R ky R i
1) \C=0 + R"- — Sel
) Rl,/ =O R mz R'/ \NBR"
R /DH k R
\ 2_x N "
2 C C=N-R" + H,0
N 1 34 "2

where: R = Alkyl or aryl
R' =H, Alkyl or aryl
R" = Alkyl or aryl.
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The first step consists of an addition of an amine to the polarized

carbonyl with the production of an aldehyde -ammonia type compound. 1Isolation

29 12/
33-34

of these intermediates has been achieved only ir certain cases. It can
be predicted that an aldehyde in which the carbonyl moiety is polarized by
electron-withdrawing groups on the alpha carbon should stabilize the inter-
mediate. This has been found to be true, as in the case of chlora1.35’36

The second step in the mechanism consists of an elimination of water, thus
Producing an imine-type compound in a manner similar to the crotonization step
in the aldol condensation. Since it has been observed that this condensation
is normally exothermic, it can be implied that the overall position of the
equilibrium lies to the right.

B. By Schiff Base Exchange Reactionms.

By a Schiff base exchange reaction is mqant7 the displacement of the
amino or the carbonyl fragment in a Schiff base and its substitution by another
amino or another carbonyl fragment. This exchange reaction can be illustrated
by the following reactions:
C‘BSCB=NCSH5 + H)NCeH X CelgCH=NC H, X + Cglighity {eq. 11)
CgHgCH=NC.H, + GHCCH, X « XCgH,CH=NCcH5 + CgHl5CHO (eq. 12)
These reactions may be considered as related to transesterification and
transamidation reactions. As an extension of the simple type of Schiff base
exchange represented by equations 11 and 12, a bis-exchange reaction could be
considered as feasible and is represented by the equation
XCgH,CH=NC.Hg + CelisCH=NCH, Y « CeHsCH=NCcHg + XCgH,CH=NCH,Y (eq. 13)
The literature on the types of reactions represented by equations 11, 12,
and 13 is very meager and the broad aspects of Schiff base exchange reaction,
as such, are not described. However, in 1921 Reddelien described9 the dis-
placement of amine residues in the anils, RyC=NC¢Hs by aryl amines:
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Ceﬁsgﬂcsﬁs + Cioi7NHy « Ceﬂsgﬂcmlb + Cgl5NH, (eq. 14)
3 3

to be followed in 1953 by Koshits and his co—workers10 who described amine dis-
placements in some substituted benzylidene anilines:

CgH5CH=NCgH,NOp + H)NCgH,OCH3 + CgH5CH=NCgH,OCH3 + O,NCgH,NHy (eq. 15)

The carbonyl exchange reaction represented by equation 12 and the bis-

exchange reaction represented by equation 13 do not appear to be described in
the literature. Also, apparently absent are exchange reactions involving
multifunctional Schiff bases with monofunctional aldehydes or monofunctional
amines, such as
C6HSCH=NC6HQN=CBCGRS'+ 2 X0684080 > X06H4CB=NC6H4N=CBCGBAX~+ 2 CGHSCHO (eq. 16)
CgHsN=CHCGH,CH=NCgHs + 2 XCgH,NHy + XCgH,N=CHCgH,CH=NC¢H,X + 2 CgHslHy (eq. 17)
or multifunctional aldehyde or multifunctional amines, with monofunctional

Schiff bases such as

NHoCgH,NHy + 2 CgHgCH=NCgHs « CgH5CH=NCcH N=CHCgHs5 + 2 CgHs5NH, (eq. 18}
OHCC(H, CHO + 2 C R CH=NC.Hs « C.H,N=CHC H,CH=NC Hs + 2 CgH:CHO (eq. 19)

Since these Schiff base exchange reactions, and particularly those in-
volving polyfunctional molecules might be applicable to the synthesis of
polymers, they were investigated as methods of synthesis for non-polymeric
Schiff bases as prototypes to the polymeric systems. The Schiff base exchange
study is divided into three sections:

1. The Amine Exchange
2., The Carbonyl Exchange
3. The Bis Exchange

1. The Amine Exchange.

The amine exchange reaction has now been shown to be applicable to the

reaction of monofunctional and polyfunctional amines with mono-Schiff bases
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or poly-§chiff bases, as illustrated by equations 11, 17, and 18.

These exchange reactions are readily performed by heating the reagents
usually at least to the melting point of the mixture and removing the displaced
amine by distillation, using reduced pressures if necessary. The exchange
reaction will proceed readily in the absence of a catalyst, though catalytic
quantities of a Lewis acid such as ZnCl2 may be used. The relative boiling
points of the reagents and of the products appear to be the main factors in
this reaction. Therefore, the desired product should have a higher boiling
point than the starting reagents. Reaction occurs usually at the melting point
of the reagent mixture and by distilling out the by-product, the equilibrium
of the reaction is shifted to completion. The crude yields are substantially

quantitative. The syntheses are summarized in Table 5.

a. Experimental.

The reactions were performed by placing the reagent in a round-bottomed
ground glass jointed flask equipped with a distilling head, condenser, re-
ceiver, a nitrogen gas inlet, etc. The reaction vessel was heated by a molten
metal bath and all reactions were performed under a nitrogen atmosphere to
avoid oxidation at the temperatures used. The reaction was continued until
the theoretical amount of eliminated amine was collected. The product was
then recrystallized from 957 or absolute ethanol.

i) Preparation of Benzyvlidene-p-methoxyaniline (DA-29-77).

1.23 g. (0.01 mole) p-Anisidine and 1.81 g. (0.01 mole) benzylidene-

aniline were placed together without catalyst in a 50 cc round-bottom micro

flask fitted with a distilling head, condenser, and nitrogen inlet, etc. The
reaction mixture was heated by immersing the reaction flask into a metal bath
at 200°C while a slow-stream of nitrogen was passed through the reaction mix-

ture. Then the pressure was reduced to about 100 mm. The reaction was
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continued in this manner for one and one-half hours, after which no more ani-
line was collected in the receiver. The 72°C melting point of the recrystal-
lized product and its infrared spectra corresponded to that of an authentic
sample.

ii) Preparation of Dibenzylidine-p-phenylenediamine (DA-29-33).

1.858 g. (0.0125 mole) p-Phenylenediamine and 4.53 g. (0.025 mole) ben-
zylidene-aniline with 10 mg of ZnCl, catalyst were reacted by the procedure
given in DA-29-77 at 110°C, at which point aniline distiiled from the reaction
mixture. After about fifteen minutes, the evolution of aniline ceased, then
the temperature was raised for about five minutes to 150°C and the reaction
terminated. The yield of crude product before recrystallization was 100%.

‘Rectystallization from ethanol gave a product which melted at 140°C, and is
identical to that of an authentic sample.

iii) Preparation of p-Xvlylidene-di-p-methoxyaniline (DA-29-79).

2.46 g. (0.02 mole) p-Anisidine and 2.84 g. (0.01 mole) terephthaldianil
without catalyst were subjected to the procedure of DA-29-33, except that a
temperature of 200°C for two hours was used. The yield of the crude product
was quantitative and its melting point 219°C; its infrared spectrum was iden-
tical to that of an authentic sample.

2. The Carbonyl Exchange.

Since it was shown that the amino fragment in a Schiff base could be re-
placed, the possibility of exchanging the carbonyl fragment, as represented
generally by equation 12, was also considered, and then evaluated. This re-
search has confirmed the carbonyl exchange reaction.

The procedure considered is similar to that used in the amine exchange
reaction. The reagents were heated to temperatures at least above the melting
point of the mixture and removing the displaced aldehyde by distillation, using

reduced pressures, if necessary. The carbonyl exchange reaction was found to
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proceed in the absence of catalyst but can be accelerated by Lewis acids such
as ginc chloride. As in the case of amine exchange, the initial exchange is
an equilibrium reaction, and since the equilibrium is displaced by removing
the product of reaction, the relative boiling points of the reagents and pro-
ducts is the main factor in the reaction.

The carbonyl exchange reaction was found to be applicable to the reacticn
of monofunctional and polyfunctional aldehydes, with monofunctional and poly-
functional Schiff bases, as illustrated by equation 12, and by equations 16
and 19. The experimental data is summarized in Table 6.

a. Experimental.

i) Preparation of p-Nitrobenzylidene-aniline (DA-29-51).

Using the same equipment and procedure as described for the amine ex-

change reaction, 1.51 g. (0.01 mole) p-nitrobenzaldehyde and 1.81 g. (0.0l mole)
benzylidene-aniline were heated without catalyst under a nitrogen atmosphere

at 200°C at about 50 mm Hg for ome hour. The collected distillate was quanti-
tative and shown to be benzaldehyde. One recrystallization from 957 Zthanol
gave the product which melted at 91°C; literature melting point, 93°C.

ii) Preparation of p-Xylylidene-di-aniline (DA-29-31).
In the presence of about 10 mg of ZnClz, 4.53 g. (0.025 mole) benzylideune-

anilipne and 1.7 g. (0.0125 mole) terephthaldehyde were reacted at 200°C as in
DA-29-51. The reaction time was completed in one-half hour, and the yield of
the crude product was quantitative. Recrystallization from EtOH gave a yield
of 86.5% pure product, melting point 166°C.

iii) Preparation of di-m-Nitrobenzylidine-p-phenylenediamine (DA-29-81).

Following the procedure of DA-29-51, 3.02 g. (0.02 mole) m-Nitrobenzal-
dehyde and 2.84 g. (0.0l mole) dibenzylidine-p-phenylenediamine were reacted

together without catalyst for five hours at 130°C at about 50 mm pressure.
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The yield of crude product was quantitative. One recrystallization from ace-
tone gave a product which melted at 245°C, and corresponds to an authentic
sample.

3. The Bis-Exchange.

The amine exchange and the carbonyl exchange reactions in Schiff bases
led to the consideration of the possibility of a bis-Schiff base exchange
reaction.5 This would involve reacting two Schiff bases and exchanging the
groups within the bases. This bis-exchange can be generalized by equation 20:

RCH=NR' + R"CH=NR"' F_-\ RCH=NR"' + R"CH=NR' (eq. 20)

Confirmation of this bis-reaction was leftS originally to be tested in
the preparation of polymers. The reaction of the two Schiff bases, if it pro-
ceeds, produces four bases when equilibrium is established. This was verified
to a limited extent by paper chromatography but quantitative data was diffi-
cult to obtain because of problems of analysis. Accordingly, systems were se-
lected in which one of the reaction products, either RCH=NR"' or R"CH=NR'
could be removed selectively or almost so by distillation so as to force the
equilibrium to completion. In this manner, the bis-Schiff base exchange reac-
tion was verified and shown to be applicable to mono-Schiff bases and pcly-
Schiff bases, as shown in equations 21 and 22. The experimental data are
summarized in Table 7.

P-0,NCgH,CH=NCgHs + CgH5CH=NCgH,0CH, —>

CgH5CB=NCcHST + OoNCGH,CH=NCgH,0CH (eq. 21)

CgH5CH=NCgH,Cl + CgHgN=CHCEH,CH=NCgH5 ——3
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Table 7

Syntheses of Some Schiff Bases by Bis-Exchange Reactions

Exper. % Yield‘ Cata- M.P. °C
Mo Product Recrys, lyst Ref.
e Found Lit.
DA-29-89 P-OZNCGEQCB=NCGH4OCH3 78.9 |Nome | 135 139 37
DA-26-188 p-c1csﬂl,n=cncﬁn4m=nc6nac1-;1 70.0 |znc1,| 180 --- --

a. Experimental.

The same apparatus and general procedures used for the amines and carbonyl
exchange was applied to the bis-exchange reactions. The ylelds reported are of
reérystallized products obtained from initial experiments and no effort has been
made to improve them. Since the bis-exchange reactions appear to occur with about
the same ease as the amine and carbonyl exchange, it is anticipated that with a
few minor adjustwents in technique, that quantitatiQe yields should be obtain-
able. |

i) Preparation of p-Nitrobenzylidine-p-methoxyaniline (DA-29-89).

2.11 g. (0.01 mole) p-Nitrobenzylidineaniline and 2.26 g. (0.0l mole) p-
benzylidine-p-anisidine were mixed with five milligrams of ZnCl, in a 50 ml flask
and heated to 200°C under nitrogen at 5 mm Hg pressure for eighteen hours in the
exchange apparatus described above, and benzylidene-aniline collected as the dis-
tillate. Then the contents of the flask were isolated and after ome recrystalli-
zation from ethanol, there was obtained 2.02 g. (78.9%) of the desired product,

30

m.p. 135°C; 1it.”" m.p. 139°C.

ii) Preparation of p-Xylylidine-di-p-chloroaniline (DA-26-188).

The same equipment and general procedure as used above was employed in this
reaction. 10 g. Benzylidine-p-chloroaniline and 2 g. terephthaldianil were

heated at 220°C for sixty-four hours, then the pressure was reduced to 20 mm and
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heating continued for one hour, following which the pressure was geduced to 3
mm to distill off excess benzylidine-p-chloroaniline. There remained é.l g.
of crude product which was recrystallized from benzene and a 70% yield of tere-
phthal-bis-p-chloroaniline was obtained. The infrared spectrum of the product
was identical to an authentic sample, m.p. 180°C, prepared directly from
p-C1C H,NH, and OHCC.H,CHO.

iii) Attempted Chromatographic Separations (DA-29-69).

Equimolar quantities of the two bis-Schiff bases,
</\\ 7\ {C:> (7 \ 4\ 7\
" M-N=CH</ \ »CH=N and —N N=CH \£>,CB -

were melted together and heated at 200°C under a nitrogen atmosphere in a suit-

able glass apparatus and maintained at this temperature for one-half hour. As
a result of an exchange reaction the resulting mixture contains in addition to
the starting compounds, the new Schiff base, @-m 7 N ﬂ@ , and could
represent a maximum of 50 molar per cent of the total mixture. Then, the
reaction was cooled, and separation was attempted using three chromatographic
techniques:

(a) Column Chromatography.

A 50 cm chromatographic column packed with alumina was utilized for this
attempted separation. After placing the Schiff base mixture on the column
from an ethanol solution, the following sequences of eluants were passa2d

through the column:
Eluant Ratio

1) petroleum ether .-
:§ 2) petroleum ether - benzene  3:1
3) petroleum ether - benzene 2:1
4) petroleum ether - benzene 1:1

5) benzene ---
6) benzene - ethanol 3:1
7) benzene - ethanol 2:1
8) benzene -~ ethanol 1:1
9) ethanol ---




Upon evaporation and evaluation of the fractions taken at a 30 ml volume,
no effective separation appeared to have taken place.

(b) Paper Chromatography.

Whatman #1 chromatographic paper was spotted respectively with an alco-
holic solution of the Schiff base mixture and with also authentic samples of
the three components present in the mixture. The samples were then chroma-
tographed in one and two dimensions using the following systems:

Solvent System Ratio

1) phenol - water 3:1
2) pyridine - water 2:1
3) n-butanol - water- acetic acid 3:1:

2

Then, aqueocus CuCl, was used as a developing agent. Some separation was evi-

2
dent but none of these systems, however, showed good separation. It was con-
cluded, therefore, that the Rf values were too close in these compounds.

{c) Thin Layer Chromatography.

The solution of Schiff base mixture along with the reference samples
were spotted as before on a silica-gel coated glass plate. Elution was
accomplished using the system methanol - ethylacetate (1:1 ratio). The chro-
matogram was developed using concentrated HyS0,. Very little separation was

observed and thus no conclusions could be drawn from this experiment.

4. The Mechanisms of the Exchange Reactions.

When considering proposals for the mechanisms of the Schiff base exchange
reactions, it is necessary first to determine which reactions are character-
istic of compounds possessing the ‘>C=N- linkage. This bond being analogous
to the carbonyl bond, undergoes many reactions similar to the >C=O bornd.
Addition reactions are especially characteristic of these compounds. Mercap-
tans, active hydrogen ccmpounds, and sodium bisulfite all add to the >C=N—
bond, as for example:38'42

R-CH=N-R' + NaHSO3 <+ R-EH— ' (eq. 223)
03Na
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and
R-CH=N-R' + CHZ-—(COOEt)z > R-g-mm' (eq. 24)
(COOEt)2

These reactions indicate therefore that this C=N bond is quite polar, possedsing
considerable reactivity. It is possible, thus, to propose mechanisms for the
Schiff base exchange reactions assuming that an initial addition of the amine,
aldehyde, or Schiff base to the )&dﬂ- bond takes place.

Another factor which must be noted prior to considering a mechanism for
the exchange reactions, is that a mixture of all possible products is obtained
by a simple heating of the reaction mixture. One product can be obtained ex-
clusively only when one of the exchange products is removed from the reaction
system; and thus it appears that these reactions are in equilibrium.

a. Of the Amine Exch e.

The following mechanism is proposed for the amine exchange reaction:

k
1
R-CH=N-R' + R"-MH, p— R—g-ﬂﬁk' (eq. 25)
-R
R- H-R' ky
.Vf,g == R-CH-RR" + R'NH, (eq. 26)

R"-N—H

The first step involves an addition of the amine to the Schiff base, thus
forming a diamino adduct. The adduct is unstable under the conditions of the
reaction and proceeds to break down reversibly yielding the displaced amine
and the new Schiff base. As the displaced amine is removed from the reaction
by distillation, the equilibrium is shifted and the new Schiff base is ob-
tained exclusively.43

The literature gives some basis for this mechanism. It is well known
that when acetaldehyde reacts with two moles of aniline a diamine is ob-

tained.44

_~NHC H
6°5 + H,0 (eq. 273

CH.-CHO + 2 C,H.-NH, + CH,-CH
5~NH, 3
° \MHC 2

3
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In this reaction, it is assumed that the Schiff base is first formed, and
then the second mole of aniline adds across the carbon nitrogen double bond.

In order to demonstrate the existence of the diamino intermediate in the
amine exchange reaction the following experiment was performed (DA-29-57).
An equimolar mixture of N,N-dimethyl-p-phenylenediamine and benzylidene-
aniline was heated in a nitrogen atmosphere from 108-121°C in forty-five
minutes. Samples were taken at various intervals and dissolved in chloroform,
and the infrared spectrum of the sample taken. The data obtained from the
infrared spectra are recorded in the following Table 8.

Table 8

Infrared Spectral Data of a Bis-Exchange Reaction (DA-29-57)

Reaction | Presence| Tyang. Presence | Trans. -C=N-
time of -MH of -C=N-
minutes 2 Trans. C-N Trans. -C-N-
0 yes | = 0 =e=ee- yes | =00 e-=--
5 0.3 1 __
yes 38 yes 58T = 1-235
10 yes 0.284 yes 11 = 0.746
15 0.200 L =0.69
yes yes 1.45
15 yes 0.260 yes | =00 e===-

The data indicate that as the reaction proceeds, the amine and carbon nitrogen
double bond absorption decreases indicating the formation of an intermediate
complex. Towards the end of the reaction the absorption of these two bonds
again increases as exchange occurs, and the chromophores reappezr. Isclation
of this intermediate does not appear to be feasible since it apparently has

only a short lifetime and is present only in small amounts.
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b. Of the Carbony!-Exchange.

Two mechanisms are possible to explain the carbonyl exchange reaction.

The first mechanism is of the concerted type in which an intermediate of the

following type may be written: P )
R"cn o
N
R-CH———N-R

® :
R"\-i(;élif——p etc.

In this mechanism, the dipoles of the polarized aldehyde and Schiff base are
aligned in such a manner that exchange can occur by a simple shift of electreas.
The second mechanism proposed for the carbonyl exchange reaction is com-

sidered as occurring in two steps:

k.
R'CHO + R-CH=N-R' T=——3 R-CH—H-R' (eq. 23)
"R"
R- -R' k2
¢ T—= R"CH=N-R' + RCHO (eq. 29)
-R"

In the first step, the carbonyl moiety itself adds across the carbon
nitrogen double bond giving a four-membered ring intermediate. This interme-
diate then may break down reversibly in either of two ways: one giving back
the starting materials and the other giving rise to the exchange products.
Determination of the presence of the four-membered ring has been attempted in
the following experiment, (DA-29-52).

An equimolar mixture of p-nitrobenzaldehyde and benzylidene-aniline were
heated together at 110°C in a reaction flask under a nitrogen atmosphere.
Samples were taken at five-minute intervals, dissolved in chloroform and
infrared spectra taken. The infrared data obtained in this experiment are

summarized in Table 9.
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Table 9

Infrared Data of a Bis-Exchange Reaction (DA-29-52)

time Presence |} Trans, Presence of | Trans.
minutes | of -CHO| Ar-H /ngﬁg. ~CH=N- ~CH=N- oy
0 yes 0.754 yes 1.033
5 yes 0.754 yes : 1.150
5 yes 0.740 yes 1.000
10 yes 0.756 yes 0.855
10 yes 0.79% yes 0.956

As was noted in the amine exchange reaction, the carbonyl and carbon-
nitrogen double bond absorption decreases to a minimum during the ccurse of
the reaction. The concentration of the intermediate appears to be low in this
case also, then rises again near the end of the reaction. This evidence servec
to lend some weight to the existence of the four-membered ring intermediate
which has been proposed, particularly in view of the fact that no noticeable
increase in viscosity during the reaction was observed, which should be ex-
pected if a concerted mechanism was in operation, resulting in an "ionic type"
polymer.

c. Of the Bis-Exchange,

Mechanisms analogous to the carbonyl exchange reaction may be proposed

for the bis Schiff base exchange reaction. A concerted mechanism of the type:
@& €
R-CHe——N
#:?gz—-%LR" etc
N
R-CH-N-R'
® e
may be proposed utilizing the polar character of the Schiff base linkage. By

a shift of pairs of electrons exchange can occur in chain-type reaction.
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The reaction may also occur through a four-membered transition state in

which both Schiff bases participate,

k1 R -R'
R-CH=N-R' + R"-CH=N~R"' —— (eq. 30)
N R".‘L _R"
R- -T:fk' ko
x"'-i; . T=— R-CH=NR"' + R"CH=MR' (eq. 31}

and in which destruction of the intermediate accounts for the products which
are formed.

As of the present time, none of the experiments conducted using U.V, or
I.R. has offered convincing proof of the four-membered ring intermediate due
to overlap of spectral bands, etc. However, the absence of any noticeable
increase in viscosity during the reaction tends to eliminate the concerted
mechanism which would produce an "ionic type" polymer.

C. From Aromatic Acetals and Amine Compounds.

The synthesis of Schiff bases using aromatic acetals was considered5 as
a means of moderating the reaction of the aldehyde with the amine. The con-
firmation of this reaction led to the consideration of other reactions in-
volving aromatic acetals for Schiff base synthesis. The ease of the Schiff
base exchange reactions suggested that derivatives of the amines should also
be considered for reaction with the acetals. Two classes of amine deriva-
tives were selected for investigation, namely, the Schiff base, @#CH=N@, and
an acyl derivative, RCONHf. The postulated reactions for aromatic acetals
with the amine, Schiff base and acyl amides are generalized in equations 32,

33 and 34 respectively.

X-@CH(OR), + ONHy + X-@CH=N¢' + 2 ROH (eq. 32)
X-#CH(CR), + Y-£CH=N@' » X-OCH=N§' + Y-fcu(on), (eq. 33)
X-BCH(OR), + R'CONH@' + X-BCH=N@' + ROH + R'COOR (eq. 34)

Accordingly, the investigation was divided into three sections:
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Syntheses fram Aromatic Acetals with Aryl Amines;
Syntheses from Aromatic Acetals with Schiff Bases;
Syntheses from Aromatic Acetals with N-Acyl-arylamines;
and each will be considered separately.
1. From Aromatic_Acetals and Amines.
The syntheses of Schiff bases by reaction of aromatic acetals with aro-

matic amines given in equation 32 do not appear to be in the literature. This

reaction was found to proceed read11y5’6

with or without a catalyst over a
wide range of temperatures and in the presence or absence of solvents. The
reaction is performed simply by heating the reagents in a suitable apparstus,
removing the alcohol, and isolating the product. Table 10 summarizes the syn-

thesis of benzylidene-aniline from the acetal and the amine according to the

equation
C6BSCB(00235)2 + Csﬂsﬂﬂz L 0635CH=NC635 + 2 Czﬂsm (eq. 35)
Table 10
Syntheses of CsﬂSCH=NC6H5 from
Reaction Yield %
E;ge" Catalyst | Solvent R;:um time | Crystallized
- p.
(hour) Product
DA-26-16 CH3CgH,SO3H | Benzene| Reflux 2 71
DA-26-18 Zn012 Benzene| Reflux 3 70
DA-26-15 CH3CGHQSO3H None 55°C 1 90
DA-26-19 | None None 100°C 0.17 30

The difunctional acetals were also shown to react with aniline similarly
to the monoacetals to produce di-Schiff bases. 1In particular the following

reaction (DA-26-24) was studied



(H5C20)2-CAL{7 ) CH(0CzH5) + 2 (D, <ot
@M@mzu@-r 4 CoHgOR (eq. 36)
and an 807 yield of recrystallized Schiff base was obtained. The product of
the reaction was identified by comparison of its infrared spectrum and
melting point with an authentic sample.

a. The Mechanism of Reaction.

The reaction of the acetal and the amine produces the Schiff base by a

double elimination for which the postulated reaction is given as:
0C2Hs

k;
(D
ko T .
— 0211508 + C635m=NC6BS . {(eq. 37)

(11)
This reaction was studied in detail with the hope that it could be stopped at

28s
the intermediate (1), CgHgUH-NHC Hs . If this were possible, the reaction

could be utilized to keep the intermediate polymer soluble to a high molecular
weight stage and thereafter the reaction continued to produce the polymeric
Schiff base by elimination of the second molecule of alcohol. The reaction
was studied with énd without catalysts, and at various temperatures and times
in attempts to isolate the intermediate as a physical entity; these studies
were not successful. Studies were then undertaken to confirm the existence of
the intermediate by physical methods. Two physical methods were investigated,

namely, (1) the. decéy in specific absorption bands in the infrared spectrum and
(2) the kinetics of the reaction.

i) Infrared Studies.

A series of reactions were performed between CGHSCH(OC2H5)2 and CcHcHH,
with and without catalysts and at various temperatures and the reacticn mix-

ture saispled at various times and the infrared spectrum of the reaction
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products compared for specific wavelengths to the spectra of the individual
starting reagents and mixtures of the reagents. The spectral data of these
experiments is summafized in Table 1l1.

The data in Table 11 fail to offer conclusive proof for the existence of
a stable isolable intermediate.

1 and 3395 cm.1 are characteristic of -N82 struc-

1 1

The bands at 3480 cm

tures and a decrease in the ratio of 3480 cm = to 3395 cm © would show a dis-

appearance of the primary amine -NHy, and only indirectly the formation of a

secondary amine in the reaction process, by the disappearance of the 3395 cm'l.

However, as the reaction proceeds alcohol is liberated even in the first stage

and its presence is observed at 3400 ::m'1 in the form of a wide band which

masks the area and prevents interpretation of the changes in the 3480 cm'1 to

3395 cm-1 ratio. The peaks at 1100 cm‘1 and 1050 cm..1 are characteristic of

the acetal linkage and at least one of them should diszppear when compound (I)
-1

or (I1I) is formed. When reaction occurs, the pesk at 1100 cm was found to

1

disappear but that at 1050 cm = persisted and shown to be attributabie to the

1

-CH,,0- structure of the liberated ethyl alcohol. The peak at 1630 cm = is one

2
of the -C=N- absorption bands and the wide band at 3400 cm-1 is characteristic
of ethyl alcohol. From these results, the actual existence of intermadiate
compound (I) cannot be confirmed especially because of the overlap of the

3480 cm™! and the wide 3400 cm™l bands, and of the closeness of the 1630 cmfl
band with an -N-H stretching band in aniline at 1600 cm™l. In these experi-
ments, it was observed that when the temperature is low, such as at 20°C, the
reaction is sluggish even in the presence of a catalyst and no reaction occurs
(DA-26-21) in forty-six and one-half hours.

At 55°C, the reaction is sluggish in the absence of a catalyst (DA-26-~13)

and no reaction was observed for two and one-half hours whereas in the pre-

sence of a catalyst at 55°C (DA-26-15) the reaction is rarid. At 100°C the
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reaction (DA-26-19) is rapid even in the absence of a catalyst. In those cases
where reaction occurs, the reaction in this system appears to proceed through
the two stages at rates whose specific rate relationships are such that the
intermediate compound (I) cannot be confirmed by spectral means.

ii) Rinetic Studies.

An attempt was made to establish the existence of the intermediate (1),

Hs
0685 Celss from observations on the rates of elimination of alcohol in the

reaction as shown in equation 37. When k; is much larger tham k2, the overall
rate of elimination of alcohol should be different before and after the genera-
ticn of (I); and when kl = ky or k1<f kz no change of the overall rate of the
elimination should be expected. The reaction of the acetal, C6HSCH(OCZHS)2 and
aniline, CgHgNHE, was performed at reflux in benzene with toluene sulfomic acid
as the catalyst. During the reaction, heating was so controlled that the azeoc-
tropic mixture of benzene and the alcohol formed in the reaction, distilled off
at a fairly constant rate of 1 cc. a minute, while recording the vapor terpera-
ture during the distillation. Under these restrictioms, if k1)> ky, the vapor
terperature would tend to increase after the formation of (I) to the boiling
point of benzene because of the shortage of alcohol required to maintain the
normal azeotrope. If, however, k; = kz or k1A< ky no change in vapor tempera-
ture should occur.

The experimental data (DA-26-22) is illustrated in Figure 1 in which the
relationship between vapor temperature and volume of distillate is shown.

It will be noted in Figure 1 that there is no marked change in the rate cf
alcohol elimination before or after the point corresponding to the calculated
amount of alcohol at which the intermediate (I) is formed. Rather, the data
indicate that k2 =k or k2> ky and that isolation of the intermediate should

be difficult indeed.
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Relationship between vapor temperature and
volume of distillate in acetal-amine reaction

Distilled Amount of Azeotropic Mixture, cc
{DA-256-22).

Figure 1.

D, danjeaadwd] iodep
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b. Experimental.

i. (DA-26-9). Syntheses of Benzylidenediethyl Ether, CgHgCH(OCoHg),.
45

A modified procedure of Post ~ was used for this preparation. A mixture
of 53 g. benzaldehyde, 80 g. ethyl orthoformate and 3 g. p-toluene sulfcnic
acid were mixed in a 250 ml round-bottomed flask and attached to a Dean-Stark
trap fitted with a reflux condenser, etc. The mixture was heated at its
boiling point for two hours and the theoretical amount of ethyl formate col-
lected in the trap. Solid NayCO; was then added to the cooled mixture and
allowed to stand overnight. It was then filtered and the filtrate distilled to
yield CH5CH(OCgHs) o, yield 75%, b.p. 223°C/760 mm; 108°C/20 mm, and 93°C/10 mm:
lit.45 b.p. 222°C/760 mm.

ii) Synthesis of p-Xyiidenetetraethyl Ether, (C235°)205363A63(00235)2'

The same procedure was used in this preparation as in the synthesis cf
benzylidene diethyl ether by reacting a mixture of 116 g. terephthaldehyde,
330 g. ethyl orthoformate and 3 g. p-toluene sulfonic acid for six hours and
collecting 150 cc. ethyl formate (theoretical 156 g.). The neutralized and
filtered reaction product was distilled, 75%, b.p. 146-148°C/3.2 mm; 143.5-

145°C/3 o, = 1.4742; purity as determined by gas chromatography in F & M

nI2)0
Model 609 Flame Ionization Gas Chromatograph with a coiumn 10 ft. carbowax
1500 at 150°C was greater than 99.9%. The infrared spectrum was recorced, and
by comparing the absorption peaks at 5.85 and 3.%3/45 the amcunt of
p-C6Ha(CH0)2 as impurity in the acetal can be readily estimated as shown in Fig.2.
Elexental Analysis calc. for: C, 68.05; H, 9.31
Found: C, 68.02; H, 9.30.
iii) Reactions of C5HSCH(OCZH5)2 and CgHgNH, Undexr Various Conditionms.
(a) DA-26-16.
A mixture of 60 g. CGHSCB(OCZBS)Z’ 32 g. aniline, 120 ml benzene and

0.25 g. TsOH were refluxed two hours, then 50 cc. alcohol-benzene was distilled
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Figure 2. Per cent concentration (g/cc) of CgH,(CHO), (g)
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from the mixture and the mixture allowed to cool and crystallization to occur.
The product, CgH5CH=NCgHs was removed by filtration and recrystallized from
95% alcohol and characterized by I.R., M.,P, and by mixed melting point with an
authentic sample. Yield recrystallized product, 71%.

(b) DA-26-18.

A mixture of 30 g. CgHsCH(OCyH5)3, 16 g. aniline, 0.1 g. ZnCly and 58 ml
benzene were reacted for three hours by the procedure of DA-26-16 and a re-
crystallized yield of 22 g. CglisCli=RC H, (717) was obtained.

(c) DA-26-15.

A mixture of 1 g. CgH5CH(OCoHsg)2, 0.51 g. CgHgNHy and 0.1 g. TsGH were
heated in a micro-flask at 55°C by means of a mineral-oil bath maintained 2t
55°C. Samples of the reaction product were withdrawn at the intervals of
one, two and one-half, and twenty-three hours and I.R. spectra of the semples
recorded.

@ DA-26‘19 .

A mixture of 9.0 g. CGHSCB(OCZHS)Z and 4.65 g. of aniline were placed in
a 20 ml reaction flask attacned to a Dean-Stark trap and condenser. The mix-
ture was then hea*ed to 100°C and the elimination of alcoho1 assured by the
76°C termperature-of the distillate vapor. Samples of -the reaction mixture
were withdrawn at the intervals of ten, twenty, one hundred forty-three, and
three hundred fifty-three minutes, and I.R. spectra recorded. This reaction
showed the definite presence of the Schiff base at the seventy-minute reaction
period. On the completion of the reaction, there was isolated and character-
ized 8 g. (90% yield) of recrystallized CgH5CH=NCHs.

{e) DA-26-13,

A mixture of 1 g. CGHSCH(OCZHS)Z and 0.51 g. aniline were reacted at 55°C
in a micro-flask heated by means of a mineral oil bath. Samples of thz reac~

tion product were withdrawn st the intervals of..one-half, two and one-hzlf
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and twenty-three hours and I.R. spectra of the samples recorded.

(f) DA-26-21.

A mixture of 9.0 g. CGHSCB(Ocan)z, 4.65 g. aniline and 0.05 g. TsOH were
maintained at 20°C in a reaction flask; samples were withdrawn at the intervals
of 0.25, 1.25, 4.5, 6.0, and 46.5 hours, and the spectra of the samples re-
corded. No changes in the spectra were observed in any of the samples.

iv. DA-26-22. Measurements of the Elimination Rate of Ethyl Alcohol.

A mixture of 18 g. of CgHgCH(OCoHg)2, 9.3 g. aniline, 1 g. TsOH, and
200 cc. benzene were placed in a 200 ml flask attached to a cendenser and cali-
brated receiver. The reaction mixture was heated by means of an electric
mantle heater with a variac control so that approximately one ml of liquid wsas
distilled per minute while recording the vapor temperature of the distillate
as a function of the amount of distillate. The data is givem in Table 12,
and from this data, the data of Figure 1 was derived.

2. From Aromatic Acetals and Aryl Amine Hydrochlorides.
The reaction of benzylidenediethyl ether and aniline hydrochlorides

instead of the free base was also studied in attempts to isolate the inter-

mediate (1), Csﬂsgg-ﬂﬂc6ﬂs. In the reaction of some aldehydes with some
amines, the intermediate has been isolated when the hydrochloride, rather than
the free amine, was used. Erlenmeyer46 actually isclated the reaction product

of benzaldehyde and certain aromatic amines as adducts, namely,

c6usg-g-c6n401 (p) and CGHsgg-g-CélaBr{p)
by reacting benzaldehyde with the amine hydrochlorides, p-C1CgH,NHy .HC1 and
p-BrCGHQNHZ.HCI respectively in a mixture of benzene gnd water, and then
neutralizing the reaction product with sodium carbonate.

Dimroth and Zoeppritz aleo tepcrted47 the isolation of C6ﬂsggggc6ﬁs
Cl
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Table 12

Rate Data on the Elimination of Alcohol (DA-26-22)

Reaction | Volume of Tenperature 3 Reaction | Volume of Temperatura
time Azeotropic | of Azeotropic time Azeotropic | of Azeotropic
minutes | mixture, cc jmixture (°C) minutes | mixture, cc | mixture {°C)
5.0 1 67.0 30.5 31 69.C
6.5 2 67.0 31.5 32 69.5
7.5 3 67.5 32.0 33 69.5
8.0 4 67.5 32.5 34 69.5
8.5 5 68.0 33.5 35 70.0
9.0 6 €8.0 34.5 36 70.0
9.5 7 68.0 35.0 37 70.0
10.0 8 68.0 36.0 38 70.0
10.5 9 68.0 36.5 39 70.0
11.0 10 69.0 37.5 40 70.0
12.5 11 63.0 38.5 41 70.0
13.0 12 68.5 39.0 42 70.0
15.0 13 68.5 39.5 43 71.C
16.0 14 68.5 40.5 44 71.0
17.0 15 68.5 41.5 45 71.0
18.0 16 68.5 42.5 46 71.0
18.5 17 68.5 43.5 47 71.0
19.0 18 68.5 44.5 48 72.0
20.0 19 68.5 47.0 49 73.0
21.0 20 68.5 47.5 50 73.0
21.5 21 63.5 48.5 51 74.0
22.5 22 68.5 50.0 52 74.0
23.0 23 68.5 52.0 53 75.0C
23.5 24 69.0 53.0 54 75.0
25.0 25 69.0 54.0 55 75.0
26.5 26 69.0 55.0 56 76.0
27.0 | 27 69.0 I 55.5 57 76.0
27.5 28 69.0 56.0 58 77.0
28.0 29 69.0 57.0 59 77.5
29.5 30 69.0 57.5 60 77.5
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from the reaction of benzaldehyde and aniline; however, when the product was
neutralized, it decomposed to benzaldehyde and aniline,

CeHsCHO + CgHgNHp*HC1 + CoHCHOHNHCHstHC1 =

1/2 NayCO4 .

2 CgH5CHO + CgHsNH, + NaCl + Hy0 + CO, (eq. 36)

This was in conttast42 to the isolation of cgasgg-uaceg4noz(p),

p-HOCGHaggNBCGHS and m-HOCgH,, Ce¢Hs which were obtained as neutralization
products of the corresponding hydrochloride. Later, in 1921, Lowy isolated S
adducts of 2,4,6-trinitrobenzaldehyde and several aromatic amines.

a. The Mechanism of Reaction.

Accordingly, studies were made of the reactions of the acetals and the
aromatic amine hydrochlorides in bulk and in aquecus and non-agueous organic
solvents in attempts to isolate non-Schiff base type intermediates. The reac-
tion of 063508(00235)2 and XCeH,/NH, "HCl can lead to a number of postulated
chlcrine-containing adducts, whichk, in turn, can, when treated with a base
yield a number of neutralizatiom products, as shown in Table 13, all of which
can, by further reaction and elimination, lead to a Schiff base.

A number of adducts were prepared by reacting the acetal with aniline and
scme substituted anilines, and the adducts isolated. Since the molecular
weights of proposed adducts (II) and (III) are identical and lower than the
molecular weights of adducts (I) and (I1), molecular weight determinaticns

were ccnsidered as being useful in assigning the adducts to one of these

groups.
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Table 13

Pcssible Compounds from Reaction of C6H5CH(OCZHS)2;and 0535ﬂ8235£1

Decomposition Reaction
g ¥
(11) @Cﬂd\l@f} ¢ 25
Oem )

(I11) <::}gn-na4<::>x Intermediate Formation
Oy ms{ )

(0. @g Lﬂ R Schiff Base Formation

@ @g-m@x

Hydroxide Formation

<§S}£§rﬂﬂ<<::}x
i

CGH50H (0C2!'15)2 + C6H4NHZ *HC1

Disubstitution

Reactants Possibie Intermediate Adducts Possible Neutralization Productg
R 235 —_
(n @E-HN \rx /\YCRO + X{/\)-NHp

The molecular weight data obtained for a number of adducts prepared at
various temperatures and in various solvents is shown in Tatle 14.

The data of Table 14 show that the adducts are of either tyre (II) or

[@mﬁ\-@-}j €l or @-g-m-@x

and not types (I) or (IV). The deviations found when X = H are at:ributabia

43
to the instability of the neutralized adduct similar to that regorted by

(IZ1):

Dimroth in the neutralization of C6H5éHNHC6H5-HCI. The mianor deviatioas in
calculated and found molecular weights noted in a few of the other adducts is

due to the fact that in all cases, the unpurified crude adduct had to be used
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since all attempts to purification by crystallization resulted in some decom-
position of the adduct. The deviations found are on the low side of the cal-
culated value; this would indicate further the absence of type (I) and type
(IV) adduct, since their presence would augment the values rather than

decrease them.
Table 14

Molecular Weights of Adducts of CgH5CH(OCHs5)9 and X-CgH;NHj-HCL

Exper. Substituent Reaction Reactiocn j— Molecular “°1§P‘
No. X Medium Tempera-= { 'Calgsiszgd for
ture Found £;§).o; (175)
DA-26-27 B water ice 188 218
DA-26-29 H alcohol ice 200 218
DA-26-30 : 1 dioxane room 201 218
DA-26-31 p-NO, water ice 262 262
DA-26-32 p-NO, alcochol room 248 262
DA-26-33-1 p-Cl none added room 252 252
DA~26-33-2 p-Cl water room 246 252
DA-26-33-3 p-Cl tcluene Toom 250 252
DA-26-33-4 p-Cl alcohol room 238 252
DA-26-33-5 p-Cl dioxane room 252 252
DA-26-35 p-Cl dimethyl formamide room 248 252

The reaction of the amine hydrochlorides was also evaluated with the di-

functional acetal, xylidenetetraethyl ether and the data is summarized in

Table 15.
Table 15
Adducts of .(C2H50)2mc6ﬂ4m(mzﬂs)2 and x-csﬂaﬂf.z
Exper. Substituent Reaction | Molecular Welght
N Solvent Tempera- ~
. X Found Calculated as Adduct
ture (13) and (IIX)
DA-26-36 -3 none €0°C 344 356
DA-26-37 p-Cl none 60°C 408 424
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Again, the data in Table 15 indicates that the adduct formed is of either the
(I1) or (111) type. |

This conclusion was confirmed by comparing the I.R. spectra of the
adducts with products obtained by the addition of hydrogen chloride to pre-

formed substituted Schiff bases, according to the equation:

7 \\-CH- TANS ¢

2 g i v

@Cﬁd@-X+Hﬁl(8) * b= or (eq. 39)
’ +

i [@cn:g fjm

The infrared spectra of the adduct of C6HSCB(OCZBS)2 with p-nit;oaniline

hydrochloride was completely identical to the reaction product (DA-26-44) of
CGHSCH=NC6HQNOZ(p) with HC1(g); and the infrared spectra of the adduct of
CGHBCB(Ocan)Z with p-chloroaniline hydrochloride was also found to be com-
pletely identical with the reaction product (DA-26-45) of CéHSCH=Ncc§5pl(p)
with HC1(g). An interpretation of absorption bands of these spectra seems to

indicate that the nitroaniline adduct has the structure

By,

and the chloroaniline adduct has the structure

L dyals
@

The study of the adducts included an evaluation of the products obtained
from the adducts on neutralization with aqueous sodium carbonate. The consti-
tutions of the products were determined from their infrared spectra, and tha
data sre summarized in Tables 16 and 17.

The products of neutralization shown in Table 16 confirm the structures
assigned to the nitro- and chloro adducts. Also, the formation of benzaldehyde

and aniline on the neutralization of the adduct when X is H, confirms the
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instability of the adduct obtained with the unsubstituted aromatic compounds
compared to those more stable adducts which contain electron-ﬁithdtawing sub~-
stitueni#. This same observation can be made from the data shown in Table 17.
In view of the data of Table 16 on the unsubstituted aniline hydrochloride
adduct, one would be led to assume that neutralization cf the aniline hydro-
chloride adduct with (02850)20506ﬁ408(00235)2 would lead to the regeneration of
uuccsnécno and aniline; however, the =HC{C:>>CH= moiety in the adduct behaves
as a substituted X<C:>>CB= with an electron-withdrawing capacity in its para
substitution. '
Table 16

Products from Neutralization of Adducts
of C6H5(m(mzﬂs)2 with xc634NB2 -HC1

Exper. Substituent Product of
No. X Neutralization
DA-26-38 | rcuo + (D,

DA-26-39 |  p-Cl @ca:n-@m
DA-26-40 |  p-NO, @g-g@mz

Table 17

Products from Neutralization of Adducts
of (C2350)20H0684CH(00235)2 + HyNCgH,X-HC1

Exper. Substituent Product of
No. X Neutralization

Da-26-41 -H @-nucn@ca:u-@
DA-26-42 p-Cl cl @mcn@ca:n@-m

The data cbtained by reacting the acetal with an aniline hydrochloride
leads to the same conclusion obtained in the reaction of the acetal with the

free base, namely, that it is improbable that the monoethoxy intermediate,
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C6HS -N506B4X can be isolated readily; however, these reactions are well

Sfs5

suited to the preparation of Schiff bases.

b. Experimental.
1. Preparetion of Adducts of CcH;CH(OCoH;), and X-C.H,iH,liCl under

Various Conditions.

(a) DA-26-27.

A mixture of 5 g. CGHSCH(OCZHS)Z and 1 g. of water in a reacticn flask

wes cooled in an ice-water bath and to the cooled mixture ware added 2 g. of
CgHs5NHy *HC1 slowly and with vigorous stirring. A clear soluticn first re-
sulted, then a precipitate formed. After one hour at the ice-water tempera-
ture, the solid was removed by filtration, washed with absolute alcohol and
dried in a vacuum dessicator. Yi&ld of adduct 1.1 g.

{b):DA-26-29.

A mixture of 7.0 g. C6HSCE(°C2HS)2 and 10 g. ethyl slcohol in a flask
were cooled in an ice-water bath; then 2.5 g. CglighHy -HC1 were elowly added
with vigorous stirring. A clear solution formed and after ten minutes preci-
pitation began. After onc hour at ice-water temperature, the precipitate
is removed by filtration and dried in a vacuum dessicator. Yield of &dduct,
3 g.

(c) DA-26-30,

To mixture, at room temperature, of 5 g. C6H5CB(OCZH5)2 and 5 g. dioxane
in a flask is added slowly with vigorous stirring 1 g. CgHsNH2-HCl, and the
reaction allowed to proceed at room temperature. The mixture did not become
homogenecus. After two hours, the solid was removed by filtration and dried

in a vacuum dessicator. Yield of adduct, 1.6 g.
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(d) DA-26-31.

The reaction of 10 g. Cgl5CH(OC2Bs)2, 1 g. H20 and 5 g. p-07NCgl;Nd2 *HCL
were reacted for two hours using the procedure of DA-26-27. Yield of adduct
5 g. yellow solid.

(e) DA-26-32.

The reaction of 5 g. cﬁnscn(oczns)z, 20 ml. of ethyl alcohol and
p-OQngdﬁﬁﬂnzﬁBCI were: reacted:-at.room temperature for two hours using. the pro-
cedure of DA-26-29. Yield of Adduct, 3 g. yellow solid.

(f) DA-26-33. |

The reaction of 2 g. C6HSCB(00235)2 in 2 ml. of various solvents with
0.5 g. p-C10684N82°BC1 were performed for two hours at room temperature and

the adduct isolated and dried. The solvent and yields of adducts were:

Exper. No. | Solvent {Yield of Adduct, g.
DA-26-33-1 | none 0.7
DA-26-33-2 | water 0.7
DA-26-33-3 | toluene 0.8
DA-26-33-4 | alcohol 0.6
DA-26-33-5 | dioxane 0.7

(g) DA-26-35.

A mixture of 5 g. of C6HSCB(00235)2, 5 g. of dimethyl formamide and 1 g.
p-C1CgH4NH7 -HC1 were reacted at room temperature for two hours. The precipi-
tate was removed by filtration, washed with alcohol, and dried. Yield of
adduct, 1.2 g.

(h) DA-26-36.

A mixture of 5 g. xylidenetetraethyl ether, (BSCZO)ZCHCGH4CB(OCZB5)2
and C_H N82~HCI were reacted without solvent at 60°C for two hours. The solid

65
was washed with alcohol and dried. Yield of adduct, 1.9 g.
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(1) DA-26-31.
A mixture of 5 g. (H5C»0),CHCEH,CH(OCoHs), and 1 g. p-C1CgH,NH, were

reacted at 60°C by the procedure of DA-26-36. Yield of adduct 1.5 g.

ii) Neutralization Reactions of the Adducts from Acetals and Aniline
Hydrochlorides.

The molecular weights of the adducts were determined by alkalimetry
using 0.1 N NaGH as the titrant.

(a) DA-26-36 to DA-26-42 inclusive.

The general procedure consisted in preparing a solution of 1 g. Na,C04
in 10 g. Hy0 and cooling the solution to between 0°C and 10°C. Then 1 g. of
adduct is added to the sodium carbonate solution with vigorous stirring and
cooling continued for twenty minutes, after which the solution is filtared to
remove the precipitate, which is allowed to dry in air at room temperzture.
Yield of products, 0.70.9 g.

(b) DA-26-44.

Addition of HCl to CGBSCB=ﬂC6H4N02(p). Gaseous HC1 (dried by passiag it
through conec. stoa)is passed into a solution of 5 g. CgHgCH=NC H,NO, (p) ic
100 ml. dry benzene maintained at 0-5°C until no more BCl is sbsorbed. The
solid is removed by filtration, washed with ether and dried in z vacuum
dessicator. Yield of product, 4.2 g.

(g) DA‘26-45 -

Addition of HCl to C.HsCH=NC,H,C1(p). A solution of 5 g. of
CGHSCB=NC6H401(p) in 100 ml. dry benzene is treated with dry HCl by the pro-
cedure of DA-26-44. Yield of product, 3.5 g.

3. From Aromatic Acetals and N-Acyl Arylamines.

The synthesis of Schiff bases by the reaction of the aromatic acetals
with the aniline hydrochlorides led to the consideration of other aniline dexri-

vatives such as the N-substituted anilines. The substituent group should be
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R a group that could be displaced or eliminated in a chemical reaction with the
acetal. The N-acyl derivatives appeared to meet these requirements and the
acetyl group was selected as the substituent for study.

The overall reaction for the proposed reaction may be written as
CH3CONB06n5 + CGBSCB(OCZHS)Z » CH,H + CHSCOOCZH5+ CGHSCH=NHCGH5 (eq. 40)

The reaction between the acetanilide and the acetal to obtain the Schiff
base was found to be sluggish at temperatures below 150°C &sd to proceed
readily in the range of 150-220°C. At the start of the reactiom, the distil-
late from the reaction was essentially ethyl alcohol. As the reaction pro-
ceeded, the quantity of alcohol in the distillate progressively decrezsed and

the amount of ethyl acetate progressively increased.

2. Experimental.

1. DA-26-52. Reaction of Acetanilide and Benzylidenediethrl Ether.

A mixture of 6 g. acetanilide and 8 g. of cGHsca(cczns)z were heatad in
a distillation flask at 180°C to 222°C, and the distillate collazcted inte
several fractions, and their I.R, spectra taken to determine their composition.
At the end of three hours 2 ml. of distillate were collected and the compo-

sition of the fractions were as follows:

Fraction Volume
Number {cc) of Composition
distillate
1 first drop | alcohol
2 0.5 alcohol
3 0.5 alcohol and ethyl acetate
4 0.5 alcohol and ethyl acetate
. 5 0.5 alcohol and ethyl acetate

with the concentration of ethyl acetate increasing progressively in fractionms

3, 4, and 5. Hezxane was added to the cooled reaction mixture in the flask to
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isolate an hexane soluble and an hexane insoluble fraction. Froem the hexane

soluble fraction there was isolated 4.2 g. (53% yield of CcH-CH=NCcH:. From

the hexane insoluble fraction there is isolated 0.8 g. of a white solid which
OC,H5
appears, on preliminary examination, to be impure CgHsCH 685

;1 3
or csnsb@c:(,n}z
3

b. Proposed Mechanism of Reaction.

This reaction, obviously, involves a double elimination first of alcohol

and then of ethyl acetate, from which the following mechanism can be proposad:
N OCoHg
CH3COMICgHs + CeHsCH(OCHs), ——3 CoHsOH + C6H5§-)(lm-csﬁ5 -

k 3
-—2-—-} CglisCH=NCHs + CH4CO0C,Hg (23. 41}

The appearance of alcohol exclusively in the early stages of the reaction
and of ethyl acetate later in the reaction leads to the conclusion that
ky ) k2 and since this is so, the production of a soluble and/or fusible-
intermediate in the polymerization reaction of such polyfunction reagents as
CH;CONECgH,NHOCCH3 with (H5C90)9CHCgH,CH(OCoHs), may be possible.

4. From Aromatic Acetal and Schiff Base.

The reaction proposed for this synthesis can be written generally as:

x@-ca:n@y + z-@m(oczns)z -
z@cn=u@'1 + 2/ pcu(0CHs), (eq. 42)

This reaction was found to proceed readily in the presence of catalysts at
temperatures above 150°C; whereas in the absence of a catalyst, "ieaction
failed to occur except in the case where X was ~N02. The reaction was also
evaluated using the polyacetal p-(nsczo)zcncsnacn(oczas)z, for which the

experimental data is presented in Tables 18 and 19.
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The data in Tables 18 and 19 indicate that the synthesis of a Schiff base by
acetal exchange is possible, at least in the presence of a catalyst. In those
reactions in which a nitro group was present as a substituent there was evi-
dence of some side reaction which led to discoloration and to the formation
of by-products.

a. The Mechanism of Reaction.

To confirm the need of a catalyst in the reaction and to propose a
mechanism for the reaction another series of experiments were performed at
temperatures varying from room temperature to 220°C, without catalysts and
with catalysts, with H, -Cl1, and -NO2 as substituents in the reagents. The
course of the reaction was followed by recording changes in the I.R, spectra
of the reaction mixtures. The data for the uncatalyzed reactions are sumar-
ized in Table 20, and for the catalyzed reactions, in Table 21.

Table 20

Uncatalyzed Reaction Between X-@-Cﬂd@Y
and z-@cn(oczns)z Under Various Conditions

Exper. Substituent Reaction Reaction Evidence from
No. x| vl z Temperature, °C | Time, hours I.R. Spectra
DA-26-61 H| H{ H room 72.0 no reacticn
H| H| H 40 2.0 no reaction
H| H| B 130 18.0 no rezction
BH| H]H 160 6.0 no resction
H]) B | H 180 16.0 no reaction
Da-26-62 Cli BN 88 4.0 no reaction
CljB|H 150 28.0 no reaction
Cl}] H{ B 220 3.5 no reaction
DA-26-63 | NO, | H | H 150 1.5 no reaction
NO, | H | H 150 7.0 no reaction
NO, | H | H 150 24.0 reaction
NO2 HIH 150 30.0 reaction
DA-26-64 H] H| C1 120 45.0 no reaction
H| H | Cl1 180 2.0 no reacticn
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Table 21
Catalyzed Reaction Between X@Qhﬂ\‘/_\ »Y

and Z<<::>CB(OCZH5)2 Under Various Conditions

Exper. Substituent Reaction Reaction | Evidence from
No. X Y Z | Temperature °C | time, hours| I.R. Spectra
w3 [ 3[4 8| 3P [
wrstia | a|a| e | Teeetion
W | | w | 1 o | e

The fo}louing mechanism is proposed for the acetal exchange reactions on the
basis of I.R. spectta and the data of Tables 18 to 21 inclusive.

B
L2t
Y@ahn’_\ z + z@z{:—:}cu(oxzt)2 = x{( ,;\
\OEt

J T
2O N (D
\XK@Y = x@cu—u@z + Y@CB(OEt)z (eq. 43)

-1

The principal absorption band at 1625 f:m“1 for -C=N-, and at 1055 cm = and

1100 cml for the acetal are seen in the original reaction mixture and as the

reaction proceeds, these peaks with the excention of the 1100 o:m-1 band, de-

-1 band is characteristic of an ethar

crease substantially. The 1100 cm
linkage.

Furthermore, the absorption at 1600 <:m.1 attributed to ring streiching in
<::>N-, and at 1330 em™! attributed to -C-N stretching in <Z;SS-N-, increased
with the reaction time, indicating the formation of the interm=diate type

compound in equation 42. These decays in I.R. spectra offer good evidence

for the proposed mechanism and were found in the uncatalyzed experiment,
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DA-26-63, in which reaction occurred, and in all the catalyzed reactions,
DA-26-65-1, -2, -3. In the reaction mechanism described above, if substituent
"X" is highly electron-withdrawing, the positive character of the attacking
carbon of the acetal is enhanced, thus
R /CEt

v (el = )'=<3+3m
making easier its attachment to the negative nitrogen of the Schiff base to
form the intermediate-type compound. In this case, a catalyst is not a2lwsys
required to cause reaction. Without a highly-electron-withdrawing substituent
on the aromatic ring of the acetal, a catalyst is needed to promote the re-

action, thus:
OEt +
<@>c1< + H'A (cat.) + @g + C,HJOH + A (eq. 44)
OEt t

Then, the electropositive species formed by protonation by the catalyst-
ettacks the unpaired electrons of the nitrogen of the Schiff base, thereby

becoming the intermediate, thus:

t
1Dyal 4 e = D@ + o+ (eq. 45)
Et
+ + g
2{Orea + a2z = 2{0)¢ m
det ’ A\GEt N

62

Z<{/ M N=CH<L 7 VY

= @D 1D, L

then

A 3

z@ﬂ\m 7\ v

B
Y@é (OEt), + HA (eq. 46>
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b. Experimental.

§. DA-26-60-1. Synthesis of p-ClCgH,CH(OC,Hs),.

This compound was prepared from C1CgH,CHO -+ HC(OCyHg) 3 by the same modi-~
fied procedure of Post?! used in DA-26-9: B.P. 128-130°C/15 mm Hg. Yield, 83%.

® ii. DA-26-60-2. Synthesis of p-O0,NCgH,CH(OCoHs)z.

This compound was prepared from p-O9NC¢H,CHO and HC(OCoH5)3 by the same

modified procedure of Postl‘l

used in DA-26-9 : B.P. 137-138°C/3 mm Hg.
Yield 86%.

iii. DA-26-73. Reaction of Benzylidene-aniline and p-Nitrobernzylidene-

diethyl Ether Without Catalyst.

A micro-distillation flask containing a mixture of 1.55 g. C¢HgCa=NC Hg
and 2 g. p-03NCgH,CH{OCzHs5)9 maintained under a slow-stream of nitrogen gas
was immersed in a molten-metal bath heated to 150°C, and then the temperature
slowly raised until reflux began at 250°C. The distillate was shown *o be a
mixture of CGRSCH(OCZBS)z and CcHsCH=NCcHs. The heating was continued at
250°C for two hours and the reaction terminated, since the contents of the
flask had become a black viscous liquid when hot, and which solidified at
room temperature to a resin-like solid.

iv. DA-26-74.

Experiment DA-26-73 was repeated at 175-195°C at 15 mm Hg. At this tem-
perature and pressure, C6HSCE--NC635 distilled from the mixture without the
occurrence of a reaction.

v. DA-26-75. Reaction of Benzylidene~gniline and p-Nitrobenzvlidens-

diethyl Ether in the Presence of a Catalyst.

. A mixture of 4 g. C/HgCH=NC¢Hs, 3.1 g. of P‘GZNCGHz,CH(éCsz)z and 0.1 g.
TsCH were reacted at 160-165~°C in a distillation flask under a nitrogen at-
mosphere at a reduced pressure of 50 mm Hg for ten minutes, then at 30 mm for

twenty minutes, and at 10 mm for five minutes. The distillate contaired 1.3 g.
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CeHCH(OC,Hs),, 30% yleld. Two (2) g. of a solid product was obtained which
was recrystallized from alcohol to yjeid 1.5 g. C;HsCH=NC H; which waa
characterized by melting point and I.R. spectrum.

vi. DA-26-77. Reaction of Benzylidene-p-nitroaniline and p-Nitro-

benzyl idenediethyl Ether.
A mixture of 2.0 g. CgHgCH=NCgH,NO2(p), 2.0 g. p-02NCgH,CH(OCqHs5)2,

and 0.1 g. TsOH were reacted in a distillation flask at 760 mm Hg pressure in
a nitrcgen atmosphere for two and one-~half hours at 170°C, then for one and
one-half hours at 170~180°C at 1.5 mm Hg. The distillate consisted of 0.6 g.
CeHsCH(OCoHs)p, 40% yield. The residue in the distillation flask was recrys-
tallized from benzene and there was obtained 0.6 g. p-02l5634CH=NC6H4N02(p),
m.p. 199-200°C, yield 25%.

vii. DA-26-78. Reaction of Benzylidene-p-nitroeniline ard n-Nitro-

benzylidenediethyl Ether.

A mixture of 2.0 g. CeH5CH=NCH,NO, (p), 2.0 g. P-0,NCcH,CH{OCoH5) 5 and
0.1 g. TsCH in a distillation flask was heated under an atmosphere of N, et &
reduced pressure of 25 mm Hg at 180°C for forty minutes. The distillate
consisted of 0.3 g. C.HcCH(OC,Hg),; 207 yield.

The residue in the distillation was recrystallized from benzene and there
was obtained 1.0 g. p-OZNC685CH=NC634N02(p), m.p. 200°C; vield 43%. The fil-
trate from:the recrystallization yielded 0.4 g. of yellow crystalline
materisl, m.p. 124-140°C.

viii. DA-26-87. Reaction of Benzylidene-aniline and »n-Ckloxo-

benzylidenediethyl Ether.

A mixture of 1.7 g. CgH5CH=NCeHs, 2.0 g. p-ClCgH4CE(OC2Hs); and 0.1 g.
TsCH in a distillation flask in a nitrogen atmosphere was heated at 170°C for
sixty minutes at 40 mm Hg pressure and for ten minutes at 10 mm Hg. The
distillate consisted of 1.4 g. CéﬁSCH(OCZHS)Z; yield 87%. An infrared spec-
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trum of a hexane solution of the reaction residue in the flask showed that

the major portion of the reaction produced is p-C1CgH,CH=NC¢Hsg, m.p. 61°C,

ix. DA-26-56. Reaction of Bengzylidene-aniline and Xylidenetetra-
ethyl Ether with Catalyst.
A mixture of 6.5 g. CgHsCH=NCgHs, 5.0.8. p-(CoH50),CHCGH,CH(OC;Hs), and
0.1 g. TsOH were reacted in a distillation flask at ~~ 760 mm for four hours
at 200-220°C and there was collected as a distillate 3.4 g. of CgHs5CH(OC2H5)a
52% yield. Crystallization from alcohol of the reaction product in the flask
yielded 5.4 g. of impure C6H5N=C806H498=NCGBS, m.p. 156-160°C, yield 60%.

X. DA-26-84. Reaction of Benzylidene-aniline and Xylidenetetra-
ethyl Ether Without Catalyst.

A mixtur2 of 3.0 g. CelsCH=NCcHg and 2.34 g. p-(02H50220306R4CH(002H5)2
were heated at 150°C for twelve hours under a nitrogen atmosphere at 15 &n Hg

pressure. No evidence of reaction couid be noted.

xi. DA-26-85. Reaction of Benzylidene-aniline and Xylidenetetra-

ethyl Ether With Catalyst.

A mixture of 3.0 g. CgHsCH=NCgH5, 2.34 g. p-(CaHs50)2CHCgH,CH(OC2H5)2
and 0.1 g. TsOH were reacted in a distillation flask under a nitrogen atmos-
phere at 170°C for thirty minutes at 35 mm Hg pressure, and then for ten
minutes at 15 mm Hg pressure. There was collected 1.6 g. C635CH(0C235)2 as
distillate, 52% yield. The residue in the flask was crystallized from ethyl
alcohol, yielding 1.2 g. CgHgN=ClCcH,/CB=NCHs, m.p. 153-155°C, 50% yield.

xii, Reaction of Benzylidene-aniline and Xylidenetetraethyl Ether

With Catalyst.

The reagents of DA-26-85 were reacted for one and cae-half hours at 170°C
under nitrogen at 22 mm Hg pressure. The distillate was 1.7 g. C¢H5CH(0C5l13)
53% yield. The residue in the flask was washed with ethyl alcohol, dried,
and weighed,2.0 g., yield 83%. It was identified as CgHsN=CHC¢H,CH=NCgHs.
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xiii. DA-26-79. Reaction of Benzylidene-p-nitroaniline and Xylidene-

tetramethyl Ether with Catalyst.

A mixture of 3.2 g. CgHgCH=NC-H;NO7(p) and 2.0 g. p-(CyB50),CHCGH,CE(OCoLs) o
were heated slowly at 760 mm Hg without a catalyst under a N, atmosphere in a
distilling flask, by immersion in a molten metal bath maintained at 15G°C.

The temperature was gradually raised to 300°C and maintained at 300°C for two
hours. The distillate consisted of 1.5 g. CgH5CH(OC,Hg) o, 63% yield. The
residue in the distillation flask was a dark, brittle solid.

xiv. DA-26-81. Reaction of Benzylidene-p-nitroaniline and Xylidene-

tetraethyl Ether with Catalyst.

A mixture of 3.2 g. CgHsCH=NC,H,NOy(p), 2.5 g. (CoH50),CHC¢H,CH(OC,Hs),
and 0.1 g. TsOH were reacted in a distillation flask at 170°C for fifteen
ninutes at 30 mm Hg pressure, then for fiftecen minutes at 15 mm Bg pressure.
The distillate consisted of 1.4 g. CgHsCH(OCoH5)y, 30% yield. Recrystalli-
zation from benzene of the residue in the reaction flask yielded 1.1 g.
p-0,NCB, N=CHC H, CH=NC B NO,, m.p. 277-279°C, yield 20%.

XV, DA-26-82 -

Experiment DA-26-81 was repeated except that the reaction conditicns
were 170°C, 20 mm Hg pressure for one hour. Yield of distillate was 1.6 g.
C6HSCH(OCZH5)2, 35% yield; and 1.4 g. p-02NCGHQNEC866H403=NC6H4&OZ(p), 30%.
xvi. DA-26-89. Reaction of Benzylidene-p-chlorozniline and

Xvlidenetetraethyl Ether.

A mixture of 6.0 g. CgHsCH=NCgH,C1(p), 4.0 g. (CoHg0),CHCH,CH(OC,Hs),
and 0.1 g. TsOH were reacted under a N, atmosphere in a distillaticn flask et
170°C for ten minutes at 27 mm Hg pressure, then at 180°C for thirty minutes
at 17 um Hg pressure. The distillate consisted of 1.8 g. C6HSCH{OCZH5), 33%
yield. Recrystallization of the residue from benzene yielded 1.0 g. of

p-ClC6HaNéCHCGHQCH=N86H4CI-p, m.p. 179°C, yield 20%.
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xvii. DA-26-90. Reaction of Benzylidene-p-chlozoanilinme and

Kylidenetetraethyl Ether.
A mixture of 3.0 g. CgH5CH=NCGH,C1, 2.0 g. (C;H50),CHCGH,CH(OCoHs), and
0.1 g. TsOH were reacted in a distillation flask at 170-200°C for thirty
minutes at 15 mm Hg pressure. Weight of distillate, CgH5CH(OCgEs5)2, 1.9 g;
80% yield. Weight of p-ClCgH,N=CHC.H,CH=NC¢H,Cl-p, m.p. 178-179°C, 1.1 g.; 42%

yield.
xviii. DA-26-91. Reaction of p-Chlorobenzylidene-aniline and

Xylidenetetraethyl Ether.
and 0.1 g. TsOH were reacted in a distillation flask under a nitrogen atmos-
phere for sixty minutes at 175°C at 15 mm Hg pressure. Amount of distiilate,
CICGBSCH(OCZHS)Z’ 1.7 g. 75% yield. Yield of recrystallized

06H5N=CBCGH4CB=NC635, 1.7 g., 35% yield.

D. From Aromatic Aldehydes and N-Acyl Aryl Amines.

The formation of a Schiff base from the reaction of an acetal and an
N-acyl aromatic amine led to the consideration of using the fresz aldehyde
instead of the acetal.

1. The Mechanism of Reaction.

The mechanism proposed for this reaction waskrigiually considered as that
of a simple addition to produce an aldol-type compound which eliminates acetic

acid to yield the Schiff base. This reaction can be written as

C(HcCHO + CHLCONHC.H: + CgH C,He + CH~COOR 4 C.H=C3=NC.H (2q. 47)
685 3 6 65Cﬂ—365 3 65 6ls
> (a oOccy

This cystem was studied even though little hope was held that it would
succead. The reaction was evaluated using benzaldehyde and acetanilide, both
without a catalyst and with toluene sulfonic acid as & catalyst. Only a smell
amount of acetic acid was obtained in the uncatalyzed and catalyzed reactions

performed at 180~/ 220°C, indicating a reluctance of the reaction as postu-
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lated in equation 48 to proceed readily, although in the uncatalyzed reaction
CH=NC.H; was obtained. The postulated
reaction appears to be complicated under the conditions specified by side
reactions such as the reaction of one mole of aldehyde with two moles of

amide:
CeHs5CHO + 2 CH3CONHCeHg <+ HpO + CGBSCH(ﬁgGHS)Z (eg. 48)
2 :
3

as well as by other side reactions. For these reasons these reactions were
not explored further, at this time. Thare is, however, the possibility of

controlling the reaction conditions to assure the formation of the intermedi-

ate CGBSCHOngESS shown in equation 49 by performing the original condensa-
3

rs

tion first under basic catalytic conditions:
base
0685030 + CH3COHB0635 —_—— CﬁﬂSCHU§Nc635 (
6CCHB

and then causing the elimination of acetic acid to occur under neutral or

acid conditions: .

3
2. Experimental.

a. DA-26~-58. Reaction of Benzaldehyde snd Acetanilide Withew.t Catalvst.

A mixture of 14.0 g. CH CONBC6H5 and 10.0 g. C6H5030 were heated for

3
forty-eight hours in a distillation flask at 180~ 220°C, in the presence of
a slow stream of dry nitrogen gas, and about 0.5 g. of acetic acid collected
in the distillation receiver. The residue in the cistillsticn flagk was ex-
tracted with water in a Soxhlet apparatus and there was recovered 9.6 g. {7C%)
of unreacted acetanilide. The water-extracted residue was recrystsllized

from alcohol and 2.0 g. of the Schiff base, CgH5CH=NCgHg, which wes identified

by its M,?, and I.R. spectrum, was recovered.

b. DA-26-69. Reactinon of Benzaldehvde and Acetanilide with Catalyst.

A mixture of 2.5 g. benzaldehyde, 3.5 g. of acetanilide and 0.25 g. of
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TsOH were reacted at 180~~~ 220°C in a distillation flask as in DA-26-58.
The contents were heated at 180°C for fifteen minutes and then 210-220°C for
two and one-half hours and the distillate (1.0 g.) collected and contained
CB3COOB and CGHSCHO. Then heating was continued for four hours at 220°C after
which the reaction product was cooled and neutralized with agueous NaBCO3.
Vater extraction of the residue in a Soxhlet apparatus vielded 1.5 g. of
unreacted CB3CONHé6H5. From the water insoluble portion of the reaction
residue, there was isolated by crystallization from alcohol 0.8 g. of a
yellow solid, m.p. 137°C, which, as determined from its I.R. spectrum, is not
the Schiff base nor the compound CeH5CHOHN-CHs .

=0
&,
E. Frou N-Acyl Arylamine and Schiff Bases.

The formation of Schiff bases by the reaction of acetals and N-acyl aryl-
amines suggested that another type of aldehyde derivative be evaluated in the
reaction; the Schiff bases as addehyde derivatives, were selected for this

evaluation. The overall equation for this reaction could be written as

XCgH;CH=NBgH,Y + CH3CONHCgH,2Z ;:E‘ XCgH,CH=NCcH,Z + CH3CONHCH,Y (eq. 51)

The postulated reaction was evaluated with and without catalysts, as shown

in Table 22.
Table 22

Some Reactions of Schiff Bases and N-Acyl Arylamires

Exper. R Reaction Product
No. eagents Catalyst Conditions roduc
DA-26-245 p-CH3CONHC6H4OCH3 240°C, 15 hrs/760mm
and none and no reaction
C_H_CH=NC_H 260°C, 10 hrs/20mm
65 65
DA-26-247 |p-CH4CONHC H,O0CH, 240°C, 15 hrs/760mm |ves, but not
and Ts0H and the expected
CGHSCH=NCéH5 _| 260°C, 10 hrs/20mm |Schiff base
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1. The Mechanism of the Reaction.

For the reaction to occur a four-membered ring complex or compound would
have to be considered as an intermediate in the reaction. As shown in Table
22, no reaction was observed in the absence of a catalyst, and therefore a
mechanism was not considered for an uncatalyzed system. In the case of the
catalyzed system, the following mechanism is considered:

RN + -
CH4CONHC¢H,Z + HA (cat.) <— CH:,&NCGB,,Z + A (eq. 32)
+

then XCH,CB=NC H,Y + cn3c-&;unc634 o XCGB(‘({'H—‘-—-N°C6E4Y =

ZH,Cq

B\__)

XCSHQCB=NC6HQZ + BA +'Cﬂ3g;NC6HAY === CH3CONHCgH,Y (eq. 53)

J-CI!3

=

2. Experimental.

a) DA-26-245. Reaction of Benzvlidene-aniline and N-Acyl-p-methoxy

Aniline,

A mixture of 6.0 g. CéHSCH=NCGHS and 4.0 g. p-CB3CONHC6840CH3 were re-
acted in a glass flask under an atmosphere of nitrogen for fifteen hours at
240°C at 760 mm pressure, then at 260°C for ten hours at 20 mm Hz pressure.
There was no color change during the reaction and substantially all of the
CH,CONHC H,OCH3 was recovered unreacted.

b. DA-26-247. Reaction of Benzylidene-anfline and N-Acyl-p-methoxy

Aniline in Presence of Catalvst.

A mixture of 4.0 g. CglisCH=NC¢Hs, 3.0 g. p-CH,CONHCH,OCH4 and 0.1g. Tedll
were reacted under conditions identical to DA-26-245, yielding a dark-red
reaction product. The reaction product was extracted with hexsne to yield
2.2 g. of unreacted CH3CON806340033 and a reddish-brown resinous material
which was neither CGHSCH=NC6HS, CH3C0NBCGH5 nor 06H5CH=NC6H4OCH3. Its deep
color suggests that it may be some derivative of a Schiff base.
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From the experimental data, it is concluded that the reaction between an
N-acyl aryl amine and a Schiff base, in the absence of a catalyst, is diffi-
cult to achieve in contrast to the aromatic acetals. Even in the presence of
an acid catalyst, reaction occurs with difficulty and the Schiff base is nox
obtained as suggested in a possible mechanism for such a reaction.

F. Summary and Conclusions.

Nine possible reactions, Table 1, involving reagent pairs of aldehyde or
selected derivatives of aldehydes and primary amines or selected derivatives
of amines were investigated in the syntheses of non-polymeric Schiff bases
and related azo-methires. Of these nine reactions, only one, namely, the
reaction of a carbonyl compound and an smine, was well-known and has been
applied to the syntheses of non-polymeric and polymeric Schiff base compounds.
A second reaction, that of the reaction of a Schiff base with an amine to pro-
duce a derived Schiff base was also known, but the technical literature on
this reaction is meager. None of the other seven possible reactions sppeared
to be in the literature. Accordingly, before these reactions could be applied
to the synthesis of polymers, the syntheses of non-polymeric Schiff bases was
undertaken with them, as prototype reactions, to determine their probable
applicability as polymerization reactions. All of the nine reactant pairs
underwent reaction to some extent; eight of the pairs yielded Schiff bases
and one failed to do so. The data is summarized in Table 23.

The polymerization reaction of arylene diamines and arylemne dicarbonyl

5‘7.to yield as . a:precipitate the:; insoluble, infu-

compournids has been shown
sible brick-dust polymers directly. Accordingly, it was considered that if
the reaction conditions could be controlled or modified,‘so that étable, or
relatively stable, "“aldol" types intermediate compounds could be isolated or
shown to be present in the reaction, the syntheses of higher molecular weight

polymers should be feasible with the added possibility that they could be
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Table 23

Possible Reaction Pairs for Synthesis of Non-Polymeric Schiff Bases

Reaction Pairs ‘Functional Groups Reaction | Schiff Base
@) + (&) -CHO + -NH, Yes - good yes
(1) + (5) -CHO + -N=CHR | Yes - good yes
(1) + (6) -CHO + -NHOCR | Yes - poor yes
(2) + (4) -CH=NR  + -M, Yes - good yes
2) + (5) -CH=NR  + -N=CHR | Yes - good yes
(2) + (6) -CH=NR + -NHOCR | Yes - fair no-
(3) + ) -CH(OR), + -NHp Yes - good yes
3) + (5) -CH(OR), + -N=CHR | Yes - good yes
(3) + (6) -CH(OR)Z + -NHOCR | Yes - good -yes

obtained in a soluble or fusible state, at least at some stage of the reac-
tion. To acquire this type of basic information, the studies involving the
syntheses of the prototype non-polymeric Schiff bases included efforts to
isolate such intermediates, or to establish that they exist and to propose a
mechanism for the generation of the intermediates and for the final products
of the reaction.

In the course of these studies, a new, azeotropic method was developed
for the syntheses of Schiff bases and other azo-methines in which the yield
of crude product is substantially quantitative.

As a result of thesg studies, six new chemical reacticns for the synthe-
ses of Schiff bhases have been established and one obscure method involving
the displacement of the amine fragment in a Schiff base by another amine has

5-7

been confirmed and extended. This displacement has been classified as ths
species of "Amine-Exchange'" within the broader concept of Schiff Base Ex-
change Reactions. These investigations have established also that the car-

bonyl fragment in a Schiff base can be displaced by another carbenyl compound,
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and this is classified5'7 as a "Carbonyl-Exchange.'" These exchange studics
were extended further and have shown that a "Bis-Exchange" between two Schiff
bases resulting in the generation of two new Schiff bases occurs as readily
as the amine- or carbonyl-exchange.

The acetals were shown to be very similar in behavior to the aldehydes
in their reactions with amines and with Schiff bases; and thus the acetals
may offer advantages over the aldehydes in polymerization reactions because ol
their greater thermal stability and greater resistence to oxidation. In the
reactions of acetals with amine derivatives, the acetals appear to be superiocr
to the aldehydes undergoing, for example, an "acetal" exchange with Schiff
bases; and in the reaction with acyl anilides, a two-step elimination of
alcohol and ethyl acetate was shown to proceed readily. 1In contract the re-
action of the aldehyde with an acetanilide proceeds with difficulty.

In all of the reactions studied the specific rate constants were shown
by direct and indirect methods to be unfavorable for the actual isolatica of
postulated intermediates with the possible exception of the reaction between
acetals and acetanilides in which part of the alcohol is eliminated before
ethyl acetate appears. In a number of cases, however, the existence of an
intermediate was shown by changes in the infrared spectrum of the reactica
mixture as a function of reaction time. By the use of the aniline hydro-
chlorides instead of the anilines in a number of reactions, a number cf inter-
mediates in the form of their hydrochlorides were isolated and structures
assigned to the intermediates. Neutralization of the hydrochlorides yielded
products whose structure depended on the electro-negative character of the
substituent on the benzene rings of the Schiff bases. Unsubstituted benzyl-
idine-aniline hydrochloride on neutralization yields the reagents benzalde-
hyde and aniline. p-Xylylidene-di-aniline hydrochlcride on neutrslization
yields the Schiff base and not terephthaldehyde and aniline as might be
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expected on the basis of the benzylidine-aniline hydrochloride. The forma-
tion of the Schiff base was shown to conform to the effect of electro-negative
substitution since both the terephthaldehyde and its dianil are actually
electro-negatively substituted aryl compounds, =ﬁc-C6H4CB=.

In anticipation of requiring polyfunctional reagents or monomers for
the polymerization reactions, many of the above reactions were studied with
polyfunctional molecules in non-polymeric reactions; for example, the aminec-,
the carbonyl-, and the acetal-Schiff base exchange reactions were evaluated
with polyfunctional molecules and they were shown to be applicable to poly-
functional systems as well as to monofunctional molecules.

The evaluation of the reactions listed in Table 23 in the synthesis

of polymers will be given in Part II of this report.
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II. Syntheses of Polymeric Azo-Methines.

This section deals with the applicability of the non-polymeric reactioms
summarized in Part I to the syntheses of polymers. The approach to the pro-
blem consisted in performing a sufficient number of preliminary experiments on
which to base the selection of the best systems for the more detailed research.
In Part I, the average functionality, ; , of the reactant pairs in all cases
was at least one and always less than two. For polymer formation to occur the
average functionality of all the reagents involved in the reaction must be st
ieast two. Thus, in the reaction of the reactant pairs, -CHO + an, each re-
agent must have at least two functional groups, such as OHC-Ar-CHO and
BZN-Ar-NHZ. In these studies, the reaction pair of aldehyde and amine will be
used as a reference point for the other reactions evaluated. All cf the resc-
tion pairs given in Table 23 were evaluated in these preliminary studies, in-
cluding minor experimentation with the unpromising reaction pairs:

QHC-Ar-CHO + RCONHArNHOCR and RN=HCArCH=NR + RCONHArNiOCR.

The greatest part of the polymerization studies was devoted to the synthe-
sis of conjugated Schiff base, that is, compounds that have a benzene ring
attached to bocth sides of the -C=N- structure. Generically, these polymers are
polymeric azo-methines. Accordingly, the reactions of Part I were evaluated in
the syntheses of other poly-azo-methines such as those containinz the azine
linkage, =N-N=; the glyoxaiidene linkage, -CH=N-N=CH-; and the guinonidine
linkage, -N:Q):N-; with co-reagents that weres expected to produce conjugated
folyaers.

Since it would be expected that the thermal stabilitics and other physical
properties of the poly-azo-methines would depend on a nurber of factors, some
of which are: molecular weight, the resonance energy of the substituents in the
chain, the bond-stability of the linkages in the chair and steric factors,

come preliminary experiments were performed to yield s qualitative evaluation
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of these factors, thereby narrowing the types of structures to be investigated.
After preliminary tests, the thermal instability of the 4EZD>CH=N-N=CB<C:>r
and :Z? N=CH-CH=N 52? structures, eliminated the polymeric azines and poly-
azo-methines with alipbatic linkages from further consideration, leaving the
“aromatic type" poly-azo-methines for investigation. These aromatic-type
azo-methine polymers can be described generally as =¥HCA:CH=NAIN%=n. The in-
fluence of the resonance energy factor of the Ar group also was evaluated °
qualitatively in these studies.

The simplest Ar group is the benzene ring,<::>, which in the polymer would
exist as a meta- or para-phenylene moiety, igggz. An increase in the reso-
nance factor of the benzene ring can be brought about by increasing its conju-
gation; this, in turn, increases its size, which in turn can be expected to
influence reactivity during reaction and stability of the resulting polymer
after the reaction. However, if the increase is acﬁieved by an increase in its
linear dimension, such as by substituting @"f\)or @cn=cn-©. the steric
factors can be expected to be at a minimum while at the ssme time demcnstra-
ting the influence of increased conjugation. For example, the substitution of
p,p'-diaminostilbene for p,p'-diaminobenzene in a reaction with p-terephthal-
dehyde should not influence reactivity in the reaction, but the yellow color
in the polymer, ={BCCGH4CB=NCGH4N%§ would be expected to be shifted to a darkex
color. The substitution of quinone for terephthaldehyde would also be expec~
ted to produce a similar color effect. In contrast, when the conjugation is

increased by using an Ar group of higher conjugation because of lateral in-

7Y

crease in size, such as by using anthraquinone, , instead of terephthal-

6H5

[\
dehyde with phenylene diamine, or benzoguanamine, N , instead of

HzN-C\N¢Q-NBZ
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p-phenylenediamine with terephthaldehyde steric factors would be expected to
influence reactivity during reaction and the stability of the resulting
polymer.

These effects which were observed in preliminary experiments led to the
judgment that the major efforts should be devoted to the syntheses of polymers
whose Ar groups were aromatic in character and therefore resonance stabilized,
and that the Ar group should be small in volume and devoid of lateral bulk.
The benzene ring is the simplest aromatic structure which appears to meet thiec
requirement, and the simplest polymer therefore would have the structure

={=ac@-m=n@-m}=n.
This polymer has been reported,5'7 when prepared by classical methods to be
infusible, insoluble and of yellow color. The structure of the polymer, as
written, shows uninterrupted conjugation. The color of any specific conjuga-
ted structure, and paiticularly of a polymer, should depend on the extent of
conjugation; and if the conjugation is sufficiently extensive, the color of
the polymer would be expected to be black. The reported yellow color of the
polymer indicates lack of sufficient conjugation which means that its molecu-
lar weight is not sufficiently high to meet the requirements necessary for the
darker colors to be in evidence. The prior syntheses of this polymer have pro-
duced it as an insoluble, infusible powder, commonly known as a "brick dust"
polymer, and of limited utility since its infusibility precludes fabrication
into useful procducts. Therefore, another purpose of this research was to
evaluate syntheses which would produce poly-[xylylidene-phenylenediamine] as
black polymers by means of a reaction which would allow interruption of the
polymerization at a soluble or fusible stage; and thereafter permit conversion
to higher molecular weight by post-reactionms.

If such a reaction system could be developed, then it could be applied to

the syntheses of polymers which would contain Ar groups other than the benzene
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ring. These other Ar groups would be chosen to be free of "lateral bulk",

among which are those such as the pyridyl ,:/; the diphenyli” ) ‘> the tere-
= A

phenyl (" X’.‘E&‘/\ ; the diphenyl ethylene (/\)-CH=CH{’ _‘\, .3 the diphenylacetylene,

<::>C§C<::>gxoups, etc., and their corresponding perfluoro-derivatives, as

well as the perfluoro-benzene ring. All of these Ar groups contain uninter-

rupted conjugation. At some later stage of the investigation, these struc-

tures could be contrasted to ~Ar- rings whose Ar conjugation was interrupted,

such as in diphenyl oxide%; the diphenyl alkylenes, @32«-\ > ’
% |
Dl Oramm{); ete.

Studies with trifunctional amine or carbonyl compounds or their deriva-
tives were also contemplated in these researches. Since the high function-
ality of these compounds would yield three dimensional polymers of compiex
structure, they would compiicate the current investigations which already pro-
duce linear infusible, insoluble polymers from reagents whose average func-
tionality is two. Accordingly, polymerization reactions with reagents of
functionality greater than two have been postponed for study at a future time.

In these studies, the yilelds of polymer were recorded as parcentages of
the theoretical 100% yield obtained when n, the degree of polymerizaticn, is
infinity, n = @ , thus: =ERCArCH=NAtN:}=n =00

Since these polymers are condensation polymers which eliminate a by-
product in their preparation, a degree of condensation less than complete
gives an aaount of polymer larger than theoretical and therefore, relatively
greater than 100%. Values in excess of 1007 may alsc be due to ressons othar
than the degree of polymerization, particularly in cases where the reaction

is performad in a medium or solvents which can participate in the reaction by

copolymerization or by adduct formation or by other chemical reactloms.
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A. Syntheses from Bifunctional Amines and Carbonyl Compounds.

The general polymerization reaction for the polycondensation of a di-
carbonyl compound and a diamine may be illustrated by the diamine HpNArNH,,
and the dicarbonyl-type compounds, OHCArCHO, thus:
n OHCArCHO + n H)NATNH, + n Hy0 + =ECBArGl=NArN=}==n (eq. 5%
The mechanism postulated for the reaction is similar to that proposed in the
monomeric synthesis which involves the formation of an aldol intermediate

followed by the elimination of water

L] . o &
-

CHCAXCHO + BZNAINBZ “*> A/M\.'At:gzg:Ar- -CH-Az M vy &

MANATCH=N-Ar-N=CH-Artravmw  + H,0 (eq. 53;
The general reaction of equation 54 was evaluated in the syntheses of poly-
meric Schiff bases as well as other polymeric azo-methines with selected
amines and carbonyl compounds under various polymerization conditionms and
methods.

1. Polymerization Methods.

The polymerizations were performed in systems classified as Solution,
Melt, and Melt-Solution Polymerizations.

The amines used in the studies were p-phenylenediamine, hydrazine, benzo-
guanamine, and melamine; and the carbonyl compounds used were terephthaldehyde,
glyoxal, benzophenone and anthraquinone.

a. Solution Polymerization.

The reacticns were first evaluated by standard techniques using solvents
to dissolve insoluble reagents such as ethyl alcohol, dimethyl aniline, ben-
zene, acetic anhydride, xylene, etc.; other reactions were performed with
water as the medium., The continuous azeotropic technique was also used. Thesa
reactions are clessified as 'solvent polymerizations'" even though the polymer

as formed was precipitated in the medium.




In cades where reaction failed to occur, zinc chloride was used as a
catalyst in attempts to force the reaction.

b. Melt Polymerizationm.

These solution polymerizations were then compared to reactions in which
the reagents were heated to a molten condition. These have been classified
as "melt polymerizations" and were performed in the absence of any other
media.

c. Melt-Solution Polymerizations.

A number of reactions were performed with.benzylidene=dhiline as possible
solvent. Since it and the reagents are solid, the mixture was heated and the
reaction performed at melt temperatures. These reactions are classified as
“melt-solution" polymerizations.

2. Post-Treatment of Polymers.

A number of polymers were subjected to post-treatments for various
reasons. Some were h2ated alone, others were heated with benzylidene-aniline,
with and without catalyst.

a. deat Treatment.

i} In efforts to increase the molecular weight of non-black polymers
and convert them to black polymers, they were heat-treated in the
absence of additives and also in the presence of benzylidene-aniline.

ii) In some studies directed to lowering yields which were in excess
of 100%Z of theory, the polymers were post-heated to effect lost of
solvent or to extend the condensation reactionm.

iii) Insoluble, infusible black polymers were heated in benzylidene-
aniline with and without catalysts in attempts to effect solution.

3. Experimental,

a. Solution Polymerizationms.
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1) DA-24-24a. Reaction of Terephthaldehyde and p-Phenylenediamine in

Ethyl Alcohol.

A mixture of 0.7 g. terephthaldehyde, 0.51 g. p-phenylenediamine, 0.05 g.
acetic acid, and 15 ml of ethyl alcohol in a round-bottom flask were refluxed
for four hours under a nitrogen atmosphere. A bright-yellow precipitate
formed, which was removed by filtration and dried. Yield 1.12 g. = 102%.

The polymer does not melt at temperatures in excess of 300°C.

ii) DA-24-24b. Reaction of Terephthaldehyde and Phenylenediamine in

Dimethyl Aniline.

A mixture of 0.7 g. terephthaldehyde, 0.51 g. p-phenylenediamine, 0.05 z.
acetic acid and 15 ml of dimethyl aniline in a round-bottom flask were re-
fluxed for eight hours without the formation of a precipitate. Then 0.15 g.
conc. HCl was added and reaction continued forming a light-yellowish browm
precipitate whose color did not change after eight hours of continued reflux.
The polymer was removed by filtration and dried. Yield ~L~-100% of a yellowish-
brown precipitate which does not melt.

1ii) DA-24-24c. Reaction of Terephthaldehyde and 4,4'-Diaminostilbena..

A mixture of 0.7 g..of terephthaldehyde,1.05 g. of 4,4'-dlaminostilbene,
0.05 g. of acetic acid and 15 ml of ethyl alcohol were reacted by the proce-
dure of DA-24-24a and there was obtained 1.74 g. (101%Z) of orange polymer.

iv) DA-24-25. Reaction of Terephthaldehyde and p-Phenylenedianine

in Water.

A mixture of 1.0 g. terephthaldekyde, 1.0 g. p-phenylenediamine, 10 ml
water, and 0.05 g. acetic acid in a round-bottom flask were refluxed under a
nitrogen atmosphere for twenty-five minutes, forming a yellow precipitate.

In an attempt to force the reaction, 0.15 g. of conc. HCl was added and refliux
continued for two hours. The mixture was neutralized with 57 aqueous NaCH
solution, filtered, and the precipitate washed with water and dried. Vield
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~A-100% of a yellow-orange polymer which does not melt.

v) DA-24-31. Reacgion of Terephthaldehyde and Hydrazine in Water.

A mixture of 0.7 g; terephthaldehyde, 0.3 g. of hydrazine in the form of
a 647 aqueous solution and 10 ml of water in a flask were refluxed under a
stream of nitrogen for three hours, yielding a very bright-yellow precipitata
which was removed by filtration, washed with water, and dried, yielding
1007 of a very bright-yellow polymer which does not melt up to 300°C, but
shows evidence of decomposition with liberation of nitrogen and other gases.

vi) DA-24-33. Reaction of Glyoxal with n-Phenvlenediamine in Vater.

To a solution of 1.7 g. of glyoxal (5.8 g. of a 30% aqueous solution) in
20 ml of water in a reaction flask was added 3.2 g. of p-phenylenediamine with
the immediate formation of a yellow precipitate; and on heating to reflux, the
color changed rapidly to orange, and finally to dark-red. No further color
change occurred after twenty minutes of reaction. The precipitate was re-
moved by filtration, washed with wvater, and dried. Yield of polymwer, ~-1007%,
which was infusible but which decomposed on heating at tewrperatures gbove
250°cC.

vii) DA-29-84. Azeotropic Method for Reaction of Terephthaldehyde

and p-Phenylenediamine.

The reaction of Davidov12 was modified and adapted to the continuous
azeotropic method.6’7 A mixture of 1.44 g. phenylenediamine, 1.34 g. of tere-
phthaldehyde, and 350 ml of benzene in a 500 ml round-bottom flask attached
to a Dean-Stark trap and reflux condensers were reacted at reflux. The reac-
tion appeared to be complete at the end of one hour, but it was continued for
twenty hours. The color of the precipitate was bright yellow,'and it did not

change in color as the reaction was continued. Yield of polymevr, 2.13 g.;

103.47%.
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viii) DA-24-26a. Reaction of Terephthaldehyde and Benzoguanamine in
Acetic Anhydride.

A mixture of 1.34 g. of terephthaldehyde and 1.87 g. of benzoguanamine
in 10 ml of acetic anhydride in a 50 ml round-bottom flask were refluxed in a
nitrogen atmosphere for three hours. No color change occurred during this
time. The reaction was terminated and the reagents recovered by precipitatica
in water and recrystallization from ethyl alcohol. A repeat reaction was
attempted with the addition of ZnCl, as a catalyst, and reaction failed to
occur.

ix) DA-24-36. Reaction of Terephthaldehyde and Melamine in Xylene.

A mixture of 1.2 g. melamine, 2.0 g. terephthaldehyde and 100 ml of
xylene in a round-bottom flask attached to a Dean-Stark trap, reflux condenser
etc., werz heated to reflux under a nitrogen atmosphere for sixrhours; thexe was
no evidence of any reaction, since no-water of :reactien.wae found in the:trap
and no color changes were noted. A repeat reaction was attempted with the
addition of ZnClz as a catalyst, and reaction failed to occur.

x) DA-24-26¢c. Reaction of Anthraquinone and p-Phenylenediamine.

A mixture of 2.0 g. of anthraquinone, 1.0 g. of p-phenylenediamine and
10 ml of ethanol in a round-bottomed flask were refluxed for six hours under
a nitrogen atmosphere. Removal of the alcohol by evaporation at 15 mm Hg
pressure left a mixture of unreacted aminejcquinone, and a trace of black
condensation, which melted ~~120°C.

xi) Teaction of Benzoquinone with p-Phenylenediamine in Ethyl Alcohol.

A solution of 1.1 g. of benzoquinone in 10 ml of 95% alcohol was added
with vigorous stirring to a flask containing a solution of 1.1 g. of p-phenyl-
enediamine in 10 ml of 957 alcohol. A brown finely divided precipitate formed
immediately which was filtered and dried; yield 1.5 g. product which decom-
poses N\—285°C, and apparently not a Schiff base. The filtrate was a black
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solution containing low molecular weight condensation products.

xii) DA-24-32. Reaction of Benzoquinone with p-Phenylenediamine

in Xylene.

A mixture of 4.0.g. benzoquinone, 4.0 g. of p-phenylenediamine and 200 ml
of xylene in a reaction flask attached to a Dean-Stark trap, reflux condenser,
etc., were refluxed under nitrogen for four hours, and only a trace of water
collected in the trap, indicating that an addition rather than a condensation
reaction had occurred. During reflux, the reaction mixture became quite dark,
forming a precipitate. The precipitate was removed by filtration, washed with
boiling ethanol and dried. The xyleme filtrate was a black sclution containing
dissolved product. Yield of precipitate .~ 5.0 g. of insoluble, infusible
black powdar, similar to the solid product of DA-24-23.

xiii} DA-24-30. Reaction of Benzoauinone with Hydrazine in Water.

To 0.5 g. benzoquinone in 10 ml of water in a flasck equipped with a re-
flux condenser, etc., there was added slowly 0.3 ml of 647 aqueous hydrazine.
Reaction occurs immediately on addition with the formation of a black solution;
the mixture was refluxed for three hours under a nitrogen atmosphere, with
little or no increase in viscosity. Then the water was removed by distilla-
tion at atmospheric pressure, leaving 0.45 g. of a sticky recinous mass which
with decomposition became infusible, on continued heating for thirty minutes
at 180°C.

b. Melt Polymerizations.
1) DA-24-35b. Melt-Reaction of Terephthaldehyde znd p-Phenvlenediamine.

A mix-ure of 1.08 g. p-phenylenediamine and 1.34 g. térzphthaldehyde were
mixed thorcughly by grinding in a mortar and pestle and then introduced into
10 ml microflask and blanketed with a slow stream of nitrogen. The mixture
was heated gently by means of a flame of a micro bunsen burner until the mix-
ture became a fluid melt and held as a melt at about 150-160°C for approxi-

mately two minutes. The melt became increasingly viscous, changing in color
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‘from light yellow to orange to brown to black. Then the contents of the flask
was heated by means of an electric mantle for one hour at 180°C and one hour
at 260°C, to yield a black infusible polymer. Yield 2.0 g., 97%.

i1) DA-24-27. Melt-Reaction of Terephthaldehyde and Benzoguanamine.

A mixture of 2.7 g. terephthaldehyde and 3.8 g. of benzoguanamine were
mixed in a microflask and blanketed with a slow stream of nitrogen and the
mixture heated slowly by wmeans of an electric mantle. The terephthaldehyde
melted first, with slight sublimation, causing the benzoguanamine to dissoive
and melt. When the mixture was substantially completely melted, the viscositr
increased and the color of the melt became a brownish-black. Heating was con-
tinued at 235°C for five hours, the flask cooled and the product, which was a
very brownish-black polymer, isolated and found to be infusible. During the
reaction water and some benzonitrile were eliminated. Yield ~~— 97%.

iii) DA-24-28. Melt-Reaction of Terephthaldehyde and Benzoguanamire.

A mixture of 3.8 g. of benzoguanamine, 2.7 g. of terephthaidehyde and
40 ml of dimethylaniline were refluxed for four hours to yield a dark solution
which contained no precipitate. The dimethyl aniline was then removed by dis-
tillation, leaving a black melt which, on continued heating at 250°C, elimin-
ated water, produced a black, infusible polymer; yield ~~ 96%. Some benzc-
nitrile was eliminated during the reaction.

~.1v) DA-24-29. Melt-Reaction of Benzoquinone and p-Phenylenediamine.
A mixture of 3.0 g. of benzoquinone and 3.0 g. of p-phenylenediamine were

reacted by the procedure of DA-24-27 and there was obtained a shiny-black
infusible polymer; yield ~~ 60%. Some sublimation occurred during the reac-
tion and the infusible polymer was obtaired almost immediately on melting.

v) . DA-24-34, Melt-Reaction of Anthraguinone and p-Phenylenediamine.

A mixture of 4.1 g. of anthraquinone and 2.1 g. of p-phenylenediamine

were reacted by the procedure of DA-24-27 for six hours and there was obtained
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a shiny deep-black very brittle, infusible polymer. During the reaction some
of the anthraquinone sublimed. Yield of product- 90%.

c. Melt-Solution Polymerizations.

i) DA-24-36. Reaction of Terephthaldehyde and p-Phenylenediamine in

Presence of Benzylidene-aniline.

A mixture of 1.08 g. of p-phenylenediamine, 1.34 g. of terephthaldehyde
and 1.0 g. of benzylidene-aniline were reacted by the procedure of DA-24-35h
and then at 325°C for four hours. The viscosity of the melt was lower than
that of DA-24-35b and did not increase noticeably until the berzylidene-
aniline was eliminated by heating at 325°C. The reaction appeared to be verr
homogeneous and more controllable than the comparable experiment in the ab-~

sence of benzylidene-aniline. The polymer was shiny black; yield 2.16.8,,293%.

ii) DA-29-129. Melt Reaction of Terephthaldehyde with 2 Solution of

p-Phenylenedismine in Benxzylidene-aniline.

A mixture of 1.0 g. of p-phenylenediamine and 10 g. of benzylidene-
aniline in a flask equipped with a distillation hesd, etc., were melted to-
gether at 120°C under an atmosphere of nitrogen and to this melt was added
1.34 g. of terephthaldehyde, then the reaction was carried out under a slow

stream of nitrogen under the following conditions:

Time |Temperature | Pressure
hours °c _Hg
2 . 120=220 atm.
5 200 atm.
10 260 atm.
10 290 atm.
10 290 140 mm

The polymer obtained was dark-brownish black, and infusible. Yield 2.24 g.,

107.8%.
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d. Post-Treatment of Polymers.

i) DA-29-90. Heat Treatment of Yellow Poliymer DA-29-84.

(a) A sample of 0.5 g. of yellow polymer DA-29-84 was heated in a micro-
distillation apparatus at 200°C for: one-half hour in a nitrogen atmosphere
and small trace amount of 320 were collected on the surface of the distilla-
tion head. Then the sample was cooled, isolated, and analyzed; its coior was

light yellow and its infrared spectrum recorded.

Analysis % c H N

original 80.5515.25 {13.58
after heating | 79.94 | 5.21 | 12.82

(b) The yellow polymer sample, DA-29-84, was heat-treated in the same
apparatus as in DA-29-90a for three hours at 250°C during whi¢h time a few
clear crystals collected in the distillation head. These wer> shcwn to bes
p-phenylerediamine, m.p. 139°C. The polymer was cooled, isolated, ard anal-

yzed; its color was dull yellow and its infrared spectrum was recordzd.

Analysis 7 c H N

after heating { 79.96 | 4.98 | 13.14

ii} DPA-29-109. Post Heat-Treatment of Yellow Polyrer DA-20-84 in

Bonzylidene-Ariline.

A mixture of 4.0 g. of benzylidene-eniline and 1.0 g. of yellow polymex
DA-29-84 were mixed together in a distillation flask equipped with a nitrogen
inlet, condenser, etc., and heated in the presence of a slow stream of nitros-

gen under the following conditions:

" Time }Temperature { Preasure
hours | °Cc Hg
4.5 140 atmospheric
0.5 310 atmospheric
12.0 280 140 mm
24.0 280 7 mm
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and then allowed to cool to room temperature, and there was obtained a very
black shiny polymer. In the course of the heating black polymer formation
was first observed after solution at about 140°C.

iii) DA-29-151. Heat-Treatment of Black Polymer DA-29-129.

One g. of polymer of DA-29-129 is finely ground and placed in a micro-
flask which is degassed with nitrogen and the polymer heated at 400°C for
thirty-six hours at 1.5 mm Hg pressure, and 480°C for fourteen hours at 1.5 =g.
CeHsN=CHCGHg 1is obtained as a distillate, leaving 0.64 g. of very black poly-
mer. With this correction factor the yield of DA-29-129 is 927%.

iv) DA-29-148.

Cne gram of the insoluble polymer of DA-29-129 is finely ground and mixed
with 10.0 g. of benzylidene-aniline in a micro-reflux flask and heated to re-
flux under a nitrogen atmosphere for forty-eight hours. The polymer remainead
undissolved. Then, 0.05 g. of zinc chloride was added and the mixture re-
fluxed for forty-eight hours and a black homogeneous solution was obtained,
which solidified on cooling to room temperature. The solid was treated with
alcohol in a Soxhlet extractor for five days, the polymer isolated and dried.
There remained 6.2 g. of black polymer. The alcohol extract contained low
molecular weight black condensation products.

4, Discussion.

a. Solution System.

A number of qualified conclusions can be made concerning solution poly-
merizations by reference to the direct reaction between the bifunctional
amines and carbonyl compounds using terephthaldehyde and p-phenylenediamine as
a reference point. These two reagents react readily when placed in soluticn
or in water to yield an almost quantitative yield of a yellow, insoluble,
infusible polymer. When prepared in a high boiling medium such as dimethyl-
aniline, the color of the polymer is darkened slightly to a yellowish brown
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polymer, and this can be considered as a temperature effect. PFurther, poly-
mer growth is evidently retarded by the rapidity of the reaction and the in-
solubility of the polymer in the solvents studied. Post-~-heating of the iso-
lated yellow polymer up to temperatures of 250-260°C gives evidence of a minor
increase in condensation by the elimination of water, but the infusibility as
well as the insolubility in each other of the polymer chains~ of various de-
grees of polymerization which constitute the polymer mass do not allow black
polymers to be formed at these post-heating temperatures.

In these preliminary studies, the importance of the nature or type of
azo-methine linkage in the polymer structures also became evident in the
ready decomposition of the polymers prepared from glyoxal and phenylenediamine,

n NHyCgH, NH; + n C(HCCHO « =£NCGB4N=C3-CH=]=D + n Hy0 (eq. 56;
This polymer contains aliphatic linkage in the =CH-CH= moiety in a conjugated
structure; the polymers derived from the terephthaldehyde and hydrazine,

n (HCC¢H,CHO + n NH,NH, « =[=BCC§1,.CB=8-N=]=n + Hy0 (eq. 57)
also decomposed when heated.

The decomposition products appear to be mostly nitrogen contaminated with
some basic gaseocus substance, and the final product of decomposition appears
to be a stable polystilbene. In fact, this sequence of reactiomns offers pro-
mise for the preparation of a stable polystilbene, thus
=nc[csn,‘cn=n-n=cnc6n4]ncn=n-n- - N, + =ac[c634m=cncsn4]nca=n-u= (eq. 58)
by a mechanism which eliminates nitrogen capable of foaming the polymer during
the melt and leaving an infusible char-like polystilbene polymer or copolymar.
Such a product and mechanism has deep implications in ablstion systems.

The steric factor also was evident in these soluticn polymerization
studies. 1In solution, anthraquinone failed to react with p-phenylenediamine
at temperatures at which terephthaldehyde reacts even when catalyzed with a
Lewis acid. 2,4,4-Triamino-1,3,5-triazine (melamine) also failed to react
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with terephthaldehyde even at the reflux temperature of xylene in the presence
of zinc chloride. Another triazine derivative, 2,4-diamino-6-phenyl-1,3,5-
triazine also failed to react in the presence of zinc chloride in a refluxing
acetic anhydride solvent which is capable of functioning also as a dehydrating
agent.

In the solution polymerizations, a number of observations were made con-
cerning the resonance energies of the system. The polymer of the reaction of
terephthaldehyde with p,p'-diaminostilbene was of definite orange color com-
pared to the yellow color obtained with p-diaminobenzene. Further, the reso-
nance effect on the color of the polymer was shown dramatically by the ready
reactions in solution of benzoquinone with phenylenediamine and hydrazine
respectively. The evidence indicated that the polymers were not 'clean"
polymers and that the guinone reacted with the phenylenediamine in a fashion
similar to its reaction with aniline, which was discussed in Part I. This
reaction consisted in the addition of the amine to the double bond adjacent
to the C=0 structure and its re-oxidation to the substituted anilidoquinone
by quinone. The less than theoretical polymer yield indicates a similar re-
action for the reaction of benzoquinone and p-phenylenediamine, and the poly-

mer contains the probable structures:

S 5 -
/ . R N
o=q\ 3 0=C /,=NC6BAN= ; and =c\c_‘ /Q—NC6H4N= .

A5 b T

Any or all of these segments would be expected to be black since the
products26 prepared from benzoquinone and aniline,

H NHCgHg H NHCgHg C.H
6 Gt ngn 675
o=¢/ ; 0=/ X=0 ; and O

V4 \
- ; Jo=NCglly
C Hs CGHS

6

are black.
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Bowever, the polymer showed signs of decomposition at 285°C which possibly
reflects the influence of bulk factors in the condensation reaction and on
the stability of the polymer. 1In contrast, the failure of p-phenylenediamine
to react in solution with anthraquinone, in which all the carbon atoms adja-
cent to the -C=0 groups are blocked by substitution as part of a fused ring,

&

» lends support, that the primary reaction of quinone with the

diamine is by an addition and not by a condensation mechanism.

The reaction of hydrazine with quinone in water apparently follows an
addition mechanism similar to that of p-phenylenediamine to produce a low-
molecular weight water-soluble black condensation product, which can be con-
verted to an insoluble, infusible mass by continued heating at 180°C, during
which time decomposition is very marked.

As a result of these solution studies and a preliminary qualitative
evaluation of the polymers, further intermediate studies on polymers derivable
from glyoxal with diamines, or from hydrazines with dicarbonyl compounds were
postponed to a latér date.

b. Melt Systems.

Solution polymerization failed to yield black polymers from terephthal-
dehyde and phénylenediamine either directly or when the isolated polymer was
post-heated for extended periods of time at 250-260°C. In contrast, when the
same reagents were melted together and heated as a melt at about 150-160°C,
the melt became increasingly viscous, changing in a few minutes from a color-
less melt to yellow to orange to brown to black. At the initiation of the
black stage the polymer is fusible. The reaction at 150-160°C is sufficiently
rapid that in a few minutes it becomes infusible, appearing as a brittle,

glassy, resinous mass. Continued heating of the infusible polymer at
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increasing higher temperatures produces a less brittle polymer, indicating
that continued polymerization in the solid state cam occur when the polymer
mass is of the ''glassy' rather than of the "brick-dust' type.

The reaction of terephthaldehyde and benzoguanamine failed to occur in
solution. This failure could be attributed to steric factors which would
be more evident at low temperatures than at high temperatures. An increase
in temperature, by using a higher boiling medium such as N,N-dimethylaniline
was insufficient to produce reaction, but when the dimethylaniline wss re-
moved by distillation and the mixture of reagents heated to melt, reaction
occurred readily, producing a black melt which, on continued heating at 235-
250°C, became infusible. However, during the reaction, some decomposition
was evident by the elimination of benzonitrile, CgH5CN; this reflects the bulk

factor in the polymer, the triazine ring, introduced by the pendant phenyl

group in ={=N-§)‘ \C‘-H CBjw=. Anthraquinone differs from quinone in
N

that:it doesa not undergo aniline~type addition; it was found to be unreactive
with p-phenylenediamine in solution systems, probably because of steric
factors. Rowever, when anthraquinone and phenylenediamine wére mace to react
in a melt system, the condensation product at a most early stage of reaction
was black due to the increased resonance energies in the Ar group in the

= C GE L= .
repeating unit, Y The black polymer was infusible, wvery brittle
and friable, apparently reflecting a low molecular weight as a result of bulk
and steric factors. Similarly, to anthraquinone, benzoquirone reacted on
melting with p-phenylenediamine to produce a black product but it became in-
fusible very rapidly, indicating a crosslinking reaction due to a function-
ality higher than two in the system. This can be attributed to the addition
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of the amine to the carbon atoms adjacent to the carbonyl groups resulting
in a functionality of three or four for the quinone reagent. As a result of
these melt studies and a preliminary qualitative evaluation of the polymers
prepared by the melt technique, studies on azo-methine polymers derivable
from quinone, naphthaguinone, anthraquinone, or benzoguanamine were limited
to a few experiments, and further studies have been postponed for a later
time.

c. Melt-Solutions.

The melt polymerization of terephthaldehyde and phenylenediamine proceeds
sufficiently rapidly with a corresponding increase in viscosity that isolation
of the polymers at a predetermined viscosity is difficult. When the same re-
action was performed in a melt of benzylidene-aniline, the reagents were ob-
served to dissolve completely with the formation of a clear, viscous solution
which changed slowly in color to a black solution. On further heating, the
viscosity of the solution increased to a maximum beyond which it did not pro-
gress until the benzylidene-aniline was removed by distillation at higher
temperature. As the benzylidene-aniline was removed, the viscosity increased
and the polymer finally became insoluble and infusible. The behavior indi-
cates that benzylidene-aniline performs a dual function. It functions first
as a solvent. Its second function appears to be that of a modzratcr of the
reaction by means of a bis-Schiff exchange reaction to telomerize the polymex

with CGHSCB= and C¢HgN= groups in an equilibrium system. Then, as the

benzylidene-aniline was removed by distillation, the equilibrium was disturbed,

condensation of the chains which are soluble in each other occurred through
terminal groups to produce more benzylidene-aniline.

Condensation can also occur between one chain both ends of which are
terminated by CgHgCH= and another chain both ends of which are terminated by
C6B5N= groups. It is also conceivable that benzylaniline may form an adduct



or complex with the polymer and thereby moderate the reaction. If the benzal-
aniline functions as a moderator by either mechanism, then the yield of poly-
mer should be greater than the theoretical 100% yield expected from the con-
densation with the simple elimination of water; such is the actual experience
vhen the reaction is performed at temperatures as high as 325°C at atmos-
pheric pressure, or at 290°C at 140 mm pressure.

d. Post-Treatment of Polymers.

The post-heating of the yellow polymer (DA-29-84), previously obtained
in the solution polymerization of terephthaldehyde and p-phenylenediamine, for

extended periods of time at temperatures at which black polymers are obtained
by the melt process, failed to convert the yellow polymer to a black polymer.
In fact, very little change was found even in the C, H, and N elemental analy-
ses.

The yellow polymer is considered as infusible and insoluble, showing
limited solubility in formic and concentrated sulfuric acid. This yellow
polymer was found to be soluble in molten benzylidene-aniline to form a clear
solution, and when this solution was heated, further polymerization occurred;
a black polymer resulted, reaching a maximum viscosity until the benzylidene-
aniline was removed by distillation, and thereafter increased until a black
insoluble, infusible polymer resulted. In contrast to the yellow polymer,
the higher molecular weight, infusible, insoluble black polymer of DA-29-129
is not soluble in benzylidene-aniline even when refluxed at atmospheric
pressure for foréy-eight hours or more. However, when a catalytic quantity
of zinc chloride was added to the refluxing mixture of the polymer and
benzylidene-aniline, a black homogeneous solution of polymer wes obtained
lending some credence to an exchange mechanism which results in shorter end-
terminated chains. 1Isolation of the polymer from solution yielded black

alcohol-insoluble polymers, and some brown alcohol-soluble condensation
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products. The yield of alcohol-insoluble polymer is greatly increased.
Depending on the amount of benzylidene-aniline used as a solvent, black poly-
mers which are soluble, partially soluble or insoluble in HCOOH or Ezso4 can
be obtained.

Whether the benzylidene-aniline is held in the polymer as a complex or
adduct, or as a momofunctional reactant cap at the end of the chain in a
medium of high (soiid) viscosity, its removal at condensation temperatures
used would be expected to be difficult unless the reaction was continued for
extreme periods of time. The alternate method to effect its removal would be
to use high temperature to induce total elimination. A sample of the black
polymer DA-29-129 obtained in yield of 107.8% of theory, was heated at 1.5 m
pressure at 400°C and at 480°C. CGBSCB=NCGES was obtained as a distillate
within the first two hours at 400°C and its quantity was not increased by tha
end of thirty-six hours but was increased by further heating at 480°C for
fifteen hours.

B. By Schiff Base Exchange Reggtions.4'7

The three exchange reactions:
(1) The Amine Exchange
(2) The Carbonyl Exchange
(3) The Bis-Exchange
were evaluated in the syntheses of polymers.

1. The Amine Exchange.

The reaction for the amine exchange can be written as
n HyNATNH) + n ArN=CHATCH=NAr « 2n ArNH, + =¥NA:N=CHAxCB§=n (eq. 59}
and was studied specifically in a melt system with p-phenylenediamine and
p-xylylidenedianiline:

H,NCH,NH, + C.H/N=CHC H CH=NC(H, + 2 - C H.NH, + £NCH N-CHC/H,CH}  (eq. 6C)
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To determine whether other amino compounds, in which the amino groups are much
less . basic than in. phenylenediamine, can undergo a Schiff base exchange, the
reaction was evaluated with benzoguanamine and terephthaldehyde as reactants.
The reaction of phenylenediamine and p-xylylidenediamine was also evaluated
in a melt-solution system with benzylidene-aniline as the solvent.

a. Experimental.
i) DA-24-51. Reaction of p-Phenylenediamine and p-Xylylidenedianiline

at Atmospheric Preéssure.

A mixture of 2.84 g. of p-xylylidenedianiline and 1.08 g. of phenylene-
diamine were mixed in a 50 ml reaction flask equipped with thermometer, dis-
tillation head, condenser, receiver, vacuum take-off and an electric mantle,
and heating begun. The temperature of the mixture increased in ten minutes
to 128-132°C, at which it melted, reacting immediately to form an orange solu-
tion which resolidified in about five minutes. Then the temperature was
raised to 189-190°C for forty-five minutes, and 190-195°C for forty-five
minutes, the polymer becoming orange-brown. The system was then heated for
four and one-half hours at ~300°C at 1-20 mm pressure, and allowed to cool
to room temperature. The distillate, 1.5 g., consisted mostly of sgniline,
end the polymer was dark-brown, insoluble, infusible and heterogeneous in
color; yield /2.0 g,

ii) DA-24-57. Repeat of DA-24-51 Under Reduced Pressure.

The reagents were mixed in the reaction apparatus of DA-24-51 and de-
gassed at 1 mm after which N, was bled into the apparatus. The degassing was
repeated {wice, then the system evacuated to 2 mm Hg pressure and heating
begun. The mixture melted at 130-132°C, the temperature rising to 185°C im
ten minutes to produce a solid yellow-orange mass which sintered but did not
melt. Heating was continued and aniline began to distill at 189°C, the mass

becoming orange in color. Then the temperature was raised to 275-290°C for

- 88 -



one hour and allowed to cool to room temperature. The polymer, 2.1 g., was

dark-orange, insoluble and infusible.

iii) DA-29-40. Reactjon of p-Phenylenediamine and p-Xylylidenedi-

aniline with a Sweep Gas.
A mixture of 1.08 g. p-phenylenediamine and 2.84 g. of p-xylylidenédi-

aniline were heated together for three hours at 300°C in a 50 ml microflask
equipped with a nitrogen inlet, distillation head, condenser, receiver, etc.
The reaction was performed under a constant slow flow of nitrogen; and ani-
line collected in the receiver. Then the temperature was raised to 310°C and
the pressure reduced to 0.1 mm Hg. Yield of insoluble brown polymer was ~/
100%.

iv) DA-24-75. Reaction of Benzoguanamine and p-Xylylidenedianiline.
A mixture of 2.84 g. xylylidenedianiline and 1.87 g. benzoguanamine

were reacted in an apparatus similar to that used in DA-29-40. On heating
at atmospheric pressure, a complete yellow melt was obtained at about 100°C,
and the reaction continued at 270-275°C for ninety minutes with the color
changing from orange to dark red. Then the pressure was reduced to 1 mm Hg;
the temperature was raised to 310°C for three and one-half hours. The reac-
tion melt became black, while distilling off aniline and some unreacted
xylylidenedianiline, leaving 2.64 g. (93%) of a black, infusitle polymer.

v) DA-29-42. Reaction of Benzoguanamine and p-Xylylidenedianiline.
In the reaction apparatus of DA-29-40, a mixture of 1.87 g. of benzo-~

guanamine and 2.84 g. p-xylylidenedianiline were ‘melted together and heated
at 300°C for one hour, then reaction mixture was distilled at 1 mm and ani-

line collected as a distillate. Heating was then continued for one hour at

1 mm pressure. There was obtained a reddish-black porous polymer mass,

yield ~_ 100%.
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vi) DA-24-58. Reaction of p-Phenylenediamine, p-Xylylidenedianiline

Benzylidene-aniline in 1:1:1 Molar Ratio.

The reaction was performed in an apparatus similar to that used in
DA-29-40. A mixture of 1.08 g. p-phenylenediamine, 2.84 g. p-xylylidenedi-
aniline and 1.81 g. benzylidene-aniline were ground thoroughly in a mortar
and pestle and introduced into the reaction flask and degassed at 1 mm; nitro-
gen was bled into the flask to atmospheric pressure, and the mixture heated
Most of the mixture had melted at 195°C and it was held at 195-197°C for
forty-five minutes during which aniline was observed to reflux, The tempera-
ture was raised to 210°C for ten minutes and aniline collected. The tempera-
ture was then raised to 300°C to remove excess benzylidene-aniline and the
reaction flask allowed to cool to room temperature. The polymer was a dark-

brown infusible solid, yield 107%.

vii) DA-24-60. Reaction of p-Phenylenediamine, p-Xylylidenedianiline

and Bengylidene-aniline in 1:1:2 Molar Ratio.
The reaction between 1.08 g. p-phenylenediamine, 2.84 g. p-xylylidenedi-

aniline and 3.62 g. of benzylidene-aniline were reacted in the apparatus of
DA-24-58. On heating slowly over a period of two hours, initial melting
began at about 100°C and a complete homogeneous brown solution was obtained
by the time the temperature reached 160°C; distillation began:.at about 210°C
continuing to 330°C yielding aniline and benzylidene-aniline. The pressure
was then reduced to 0.4 mm and distillation continued for one hour at 330-
350°C. The reaction flask was:allowed to cool and the isolated polymer was

black and infusible. Yield 2.14 g., 104%.

viii) DA-29-65. Reaction of Xylylidenedianiline with p-Phenylene-~

diamine in Benzylidene-aniline.
The apparatus and process of DA-29-40 was used. A mixture of 1.18 g.

p-phenylenediamine and 10 .0 g. benzylidene-aniline were melted together in
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the microflask at about 130°C. To this melt there was added 2.8 g. of p-
xylylidenedianiline, the temperature was raised to 270°C over a period of two
hours, then held at 270°C for five hours during which time excess benzylidenz-
aniline was removed by distillation. The temperature was then raised quickly
to 330°C and maintained at this temperature for twelve hours. The flask
was allowed to cool to room temperature, and the yield of isolated polymer
was 48.5%, and it was black in color.
b. Discussion.
The amine exchange using p-phenylenediamine and p-xylylidenedianiline as
a means of preparing polymeric azo-methines was found to proceed readily in the
melt process producing polymers darker in color than the diamine and tere-
phthaldehyde in the solution process. This melt reaction, however, appears
to be faster than the melt reaction of the diamine and the dialdehyde result-
ing in a brown rather than black polymer; the aniline liberated in the reaction
appearing to act as a catalyst. Benzoguanamine was also found to react by
amine exchange. As in the case of the melt reaction of terephthaldehyde and
p-phenylenediamine, the amine exchange reaction was found to be moderated and
controlled by benzylidene-aniline and probably for the same reason since the
degree of moderation increased with an increase in the amount of benzylidene-
aniline.

2. The Carbonyl Exchange.

The polymerization reaction for the carbonyl exchange can be expressed z3

n RCOArCOR + n ArCH=NArN=CHAr + 2n ArCHO + %g—n-g:m:w}n (eq. 61}

and the specific reaction between terephthaldehyde and di-bencylidenc-p-
phenylenadiamine is written as
n OBC0654050-+ n CGHSCH=NCGHAN=BCCGHS >

2n C 6nscxﬂo + :Enccénacaacc 611 4»4“ (eq. 62)
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The reaction of equation 62 was evaluated using a melt process with and
without a catalyst, at various ratios of reagents and in the presence of
benzylidene-aniline. A number of other experiments were also performed to
try to establish the broader range of equation 61. Benzoquinone, chloranil
and dibenzylidene hydrazine were evaluated to determine if they could undergo

the carbonyl exchange reaction.

a. Experimental.
i) DA-24-49. Reaction of Terephthaldehvde and Dibenzylidene-p-

phenylenediamine.

A mixture of 1.34 g. of terephthaldehyde and 2.84 g. of dibenzylidene-p-
phenylenediamine were mixed in a 50 ml microflask equipped with thermometer,
distilling head, condenser, receiver, vacuum take-off, and electric heating
mantle.

The apparatus was degassed to 1 mm pressure and N, was bled into the

apparatus to atmospheric pressure and heating begun; a yellow melt formed at

95°C. The reaction conditions were as follows:
Time, Tempera- |Pressure
Mirnutes | ture, °C { mm Hg. Observation
0 95 760 yellow melt
5 150 760 light orange melt
8 180 760 orange melt
15 220 760 deep orange melt
25 230 760 orange-~-red mzlt
60 240 760 dark-orange melt
67 240 760 orange-red meit
120 280 760 cherry-red melt
cherry-red melt,
130 310 760 benzylidene-aniline
begins to distill
140 310 3.8 viscous::ddrk=red resin
150 310 0.7 dezXx-red solid.
270 310 0.7 reddish-black solid:
and the heating terminated. The product was allowed to cool to room tempera-~

ture.

The distillate, 1.2 g., was identified as aniline; the reaction pro-

duct, 2.26 g., was reddish-black and infusible.
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ii) DA-24-62 - DA~24-72 . Reactions of Terephthaldehyde and

Dibenzyl idene-p-phenylenediamine at Various Mole Ratios.

A series of related experiments were performed in which the mole ratio

of terephthaldehyde to dibenzylidene-p-phenylenediamine was varied from 2:1
to 1:2 in 0.01 to 0.03 molar quantities and compared to a 1:1 molar reaction
product. The experiments were performed in an apparatus similar to that
used in DA-24-49. The mixture of reagents was introduced into the reaction
flask, the apparatus degassed at 0.4 mm and nitrogen bled into the apparatus.
The mixture was heated. In all cases, melting of the mixture occurred below
or at 100°C. Then the temperature was raised to 190-220°C and reaction con-
tinued for five to six hours and benzaldehyde collected as a distillate. The
reaction product was allowed to cool to room temperature and recovered.

These experiments are summarized as follows:

. Mole Ratio of
A = Cgly(CHO), to | EXPEE- | Observations
B = CgHy (N=CHCgHs)2 -
2:1 DA-24-62 | Brown-red polymer; excess A sublimes out
3:2 DA-24-66 | Yellow-red solid, m.p. crude, range 180-280°C
4:3 DA-24-67 | Orange solid, m.p. range 130-150°C
6:5 DA-24-72 | Red solid, m.p. rzage 180-190°C
5:6 DA-24-71 | Orange-red solid, m.p. range 190-200°C
DA-24-65
3:4 Yellow-orange solid, m.p. (crude) 128°C
DA-24-70
2:3 DA-24-69 | Yellow-orange solid, m.p. range 145-220°C
1:2 DA-24-64 | Some red polymer, and orange solid,
) DA-24-68 | m.p. (crude) 140-141°C
1:1 DA-24-49 | Insoluble, infusible, black polymer
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1ii) DA-29-39a. Reaction of Terephthaldehyde and Benzylidene-p-

phenylenediamine.

A mixture of 1.34 g. of terephthaldehyde and 2.84 g. of dibengylidene-p-
phenylenediamine in a suitable reaction flask heated to reflux for one hour
at 185°C then raised to 200°C and the pressure lowered to 15 mm to remove
benzaldehyde. Unreacted terephthaldehyde sublimed from the reactica during
the distillation and a multicolored red-yellow-brown-black polymer was
obtained.

iv) DA-29-3%.

DA-29-39a was repeated using 1.45 g. of terephthaldehyde instead of 1.34
g.3 and after reflux the temperature was raised from 185°C to 200°C over a
period of six hours, then distillation performed at 15 mm. The polymer was
also multicolored but less so than the polymer of DA-29-39a.

v) DA-29-37. Reaction of Terephthaldehyde and Benzylidene-p-
phenylenediamine with ZnCl,.

A mixture of 1.34 g. of terephthaldehyde, 2.84 g. of dibenzylidene-p-
phenylenediamine and 0.1 g. ZnCl, were reacted in a micro-distillation flask
at 200°C at atmospheric pressure for three hours during which time benczalde-
hyde distilled from the reaction mass, leaving an unhomogenecus red and
brown two-color polymer.

vi) DA-29-61. Reaction of Terephthaldehyde and Benzylidene-p-

phenylenediamine in Tetralin.

A mixture of 1,36 g. terephthaldehyde and 2.84 g. dibenzylidene-p-
phenylenediamine in 10 ml of tetralin were refluxed at Z07°C under a nitrogen

atmosphere for twe hours without a color change or formation of polymer.

vii) DA-29-62. Reaction of Terephthaldehyde, Banz

phenylenediamine and Berzvlidene-aniline.

A mixture of 1.34 g. terephthaldehyde, 2.84 g. benzvlidene-p-rhenyldi-
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amine and 2.0 g. of benzylidene-aniline were reacted in an apparatus similar
to that used in DA-24-49. The mixture was slowly heated from room tempera-
ture to 300°C over a period of twelve hours at 150 mm pressure, then the
temperature was raised to 330°C and there remained in the reaction flask
0.61 g. of very black polymer.

viii) DA-24-73. Reaction of Dibenzylidene-p-Phenylene-

diamine and Benzoquinone.

A mixture of 2.84 g. of diberzylidene-p-phenylencdiamine and 1.00 g. of
benzoquinone were reacted in an apparatus similar to that used in DA-24-29,
except that it was aiso equipped with a rcitrcgen inlet to sweep other gascs
out of the system. The reaction mixture was heated and a clesr yollcw melt
was obtained at 100°C and a rapid reaction took place. The reacticn condi-

tions were as follows:

Time Temperature | Pressure .
minutes °C m Hg Observations
0 100 760 Yellow melt
Color changes to light red to

10 165 760 dark red to black
15 248 750 Black melt
30 290 760 Black viscous melt
47 286 760 Very viscous melt
50 286 15 CeHsCHO distills off
€0 286 15 Solid black polymer

The reaction product was allowed to cool to room temperature and there was
isolated 2.01 g. of black, brittle, porous, infusible polvmer.

ix) DA-29-44. Reaction of Dibenzylidene-p-phenylenediamine and

Benzoquinone.

A mixture of 2.84 g. of dibenzylidene-p-phenylenediamine and 1.08 g.
of benzcquinone were mixed in a reaction flask and heated; a complete melt
was cbtained at 180°C, then the reaction was refluxed for two hours, follow-
ing which the pressure was reduced to 15 mm to remove bznzaldehyde, leaving

- 95 -




a shiny-black infusible polymer, yield 2.0 g.

x) DA-24-77. Reaction of Dibenzylidene-p-phenylenediamine and Chloranil.

A mixture of 2.84 g. of dibenzylidene-p-phenvlenedismine and 2.46 g. of
chloranil were reacted in the apparatus of DA-24-73 at atmospheric pressure.
The mixture melted at 67°C and was completely black at 100°C. Extemsive
decomposition resulting in the liberation of HCl was noted, and the cxperi-

ment terminated at the end of three hours. The reaction conditions were:

Mi:izzs Tempeigture Observations

0 Toom Solid mixture
0 67 Yellow melt
3 110 Black melt; some sublimation of chloranil
8 200 Black melt; HCl present

28 252 Black melt; HCl present

43 295 Black solid; HCl present

188 265 Black solid; HCl1l present

Th2 polymer, 1.8 g., was black, hard and brittle.

xi) D£-24-81. Reaction of Terephtha!dehyde and Dihenz:lidenchydrazine.

A mixture of 2.68 g. of terephthaldzhkyde and 4.16 g. of dibeazylidoue-
hydrzzine were reacted in the apparatus of DA-24-73. The mixiure was heated
ard melting of the mixture cccurred in the range of 50-95°C with the color
changing from yellow to oresnge to red. The mixture wzs reacted at 250-30C°C
for sixty minutes and the pressure was then reduced to 15 mm at 300°C, and
1.5 g. of benzaldehyde collected as a distillate. The polymer, 2.8 g., was
darxz~-rod, insoluble, and infusible.

xii) DA-29-46. Reaction of Terephthaldehyde and Dibenzvlidenchydrazinae.

A mixture of 1.34 g. of terephthaldehyde and 2.08 g. of dibenzylidene-~
hydrezine in the reaction spparatus of DA-24-73 were melted at 100°C, the
mixture changing in color from yellow to red; then the mixture -:as heated

+0 290-300°C for three hours and the preasure raduced to 15 rm to eliminate
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benzaldehyde and there was obtained a hard, brittle, red polymer. During
the reaction decomposition of the polymer with the liberation of gas, pro-
bably nitrogen, was noted during the reaction at the higher temperatures.

xiii) DA-24-82, Reaction of Dibenzylidenehydrazine aud Benzoquinone.

A mixture of 4.16 g. of dibenzylidenehydrazine and 2.26 g. of benzo-
quinone were reacted in the apparatus of DA-24-73. The reaction mixture was
heated and melting occurred at 90-100°C with the formaticn of a dark eolu-
tion and some sublimation of the quincne. Reaction was performed at 250-
260°C for twenty hours distilling off benzaldehyde and leaving a foamad
glassy, black polymer, 1.1 g. in the reaction flask. Upcn heating to the
flame temperature of a bunsen burner, a sample of the polymer melted and on
continued heating, foamed to an infusible, fozmed mass.

b. Discussion.

The carbonyl exchange reaction, as a polymerization reaction, was found
in the melt system to proceed readily and more moderately than the corres-
ponding amine exchange; thereby producing darker polymers than the enine
exchange reaction. The carbonyl reaction was greatly accelerated by zinc
chloride catslysis. The blackest polymers were obtained in a Ll:1 mole -ratio
of terephthaldehyde to-benzylidene-para-phenylenediamine: ~ Little or
no reaction occurred when these reagents wzre reacted at 200°C in tetralin,
but reacted readily in a melt-solution system with benzylidene-eniline to
procduce black polymers.

Dibenzylidene-p-phenylenediamine was found to undergo carbonyl exchange
with benzoquinone to produce a black polymer; reaction also occurred with
chloranil but decomposition with the liberation of HCl was extensive. Di-
benzvlid2ne-hydrazine was also found to undergo carbonyl exchange with tere-
phthaidehyde and with benzophenone to produce polymers which decompaosad vaen

heatzd to 300°C or higher.
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3. Bis-Exchange.

The bis-exchange polymerization reaction can be expressed generally as

n ArCH=NATrN=CHAr + a ArN=CHArCB=NAr :——'*

2 ArCHB=NAr + ={ArN=CHATCHI=_ (ed~ 63)
The specific reaction between dibenzylidene+p-phenylenediamire and xylyli-
dene-di-aniline is written as:

0 CglsCH=NCH,N=CHCHs + n CgHgN-CHCGH,CHNCEHs ——

2n CgH5CH=NCgH5 + =f NCH N=CHCH,CHI=, (eq. 64}
The reaction of equation 64 was evaluated using the melt-process, with and
without catalyst and over a broad range of conditions. It was also evaluated
in the melt-solution system with benzylidene-aniline as the solvent. Two
bis-exchange reactions were tried with dibenzylidere~hydrazine-as one of the
reagents.

a. rimental.

i) DA-24-53. Reaction of p-Xylvlidene-di-aniline end

Dibenzvl idene-p-phenylenediamine.
A mixture of 2.84 g. of p-CgHgN=CHCgH,CH=NCghg and 2.84 g. of

p-CGESCH=NCGHaﬂ=CHC6H5 were ground together in a mortar and pestie ard then
placed in a 50 ml microfiask equipped with a thermometer, cdistillation head,
condenser, réceiver, and vacuum take-off. The apparatus was degasced of
air, nitrogen bled into the system and heat applied by means of an electric
mantle. The mixture was melted completely in the range of 80-85°C. The

initial reaction conditions were as follows:
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Time |Temperature Observations
Minutes °C
0 80 Yeliow melt
5 130 Yellow melt
15 170 Yellow melt
20 245 ight-red melt
25 265 Benzylidene-aniline begins to reflux
30 285 Very red melt
52 298 Reddish-bzown viscous melt
80 305 Dark-red-brown very viscous melt
150 332 Reddish-black very viscous meit
240 334 Dark reddish-black melt

Then the pressure was reduced slowly to about 50 mm and most of the
banzylidene-aniline collected, with the formation in the flask cf a black
polymer. The pressure was reduced further to 1.5-2.0 mx for eight additional
hours wnile the temperature was maintained at 320-350°C, and the raaction ter-
minated and allowed to cool to room temperature. There was isolated 2.40 g.
of very black, shiny, porous, tough:polymer which was infusible snd did not
irelt 2t red heat.

ii} DA-24-55. Repest of DA-24-53 Under Different Tewpersiure and .

Pressure Conditlons.

Melting started at 60°C and was completed at 80°C. The reaction condi-

tions were as follows:
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Time | Temperature ;| Pressure s
Minutes °C mm He. Observations
1] 80 760 Yellow melt
5 185 760 Yellow-orange melt
30 293 760 Red melt
67 297 760 Dark-brovm melt
120 308 760 Dark-brown melt
265 325 760 Very dark-brown viscous relt
270 320 95 CgH5CH=NCgH5 begins to distill
360 313 95 Black polymer
510 308 95 Black polymer
700 290 20 Black polymerx
765 - 300 90 Black polymer
1005 : 307 70 Black polymer
1035 340 50 Black polymer
1108 348 30 Zlack polymer
1175 314 0.8 Black polymer
1220 314 0.8 Black polymer
1265 316 0.6 Black polymer
1585 316 0.6 Black polymer

Then the reaction mixture was allowed to cool to room temperature and thzre
wcs obtained 2.65 g. of black, infusible, insolubie polymer.

iii) DA-24-90. Repeat of DA-24-53 Under Different Conditioms.

A mixture of 5.165 g. of p~CgHgN=CHCGH,CH=NCcHs and 5.165 g. of
p-CgH5CE=NCcH,/N=CHCcH5 were placed in the reaction flask and the apparatus
degassed and nitrogen bled into the apparatus. The reaction fiask was immersed
int6'a molten-Woods-metai bath heated to .~/300°C; the reaction mixture became
a clear yellow melt at 135°C, which remained homogeneous throughout the poly-
merization. The temperature of the reaction mixture was allowed to rise to
300°C and then raised to 350°C and held there for five hours. At 350°C, ben-
zyliden2-aniline began to reflux. As the reaction proceeded the color of tae
melt changed from yellow to light orange, tc brilliant orange, to orange-red,
to red, to brilliant red, to very dark red, and to black.

At thz end of five hours, the pressure on the system was reduced as

follows:
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Time, hours{ Pressure, mm Hg.

5.0 150
6.5 . 125
6.75 100
7.0 75
7.5 12
8.0 7
1.0 3.5

Then the reaction was gllowed to cool to room temperature. A hard, chiny
black polymer, 4.38 g., was isolated from the bottom of the flask and 4.5 z.
of benzylidene-aniline collected in the receiver.

iv) DA-29-4). Revzat of DA-24-53 Under Differen: Conditions.

A mixture of 2.84 g. cf p-C6BSN=CHCGHacH=NCGH5 gnd 2.84 g. of
p-CéESCH=NCGB4N=Cﬂcﬁﬂs were nelted together at 200°C at atmespheric pressure,
then the temperature raised siowly to 300°C over the course of onme hour. The
pressure was then reduced tc /150 mm Eg and the rcaction continued for four
hours to remove benzylidene-aniline, leaving 2.4 g. of hard, black polymer.

v) TA-29-72. Repeat of DA-29-41 Under Differsnt Conditicns.

The reagents were heated at 290°C fer six hours at aimosphcric pressure,
then eight hours zt 560 mm Hg. Then the temperature was reised to 25G°C and
the precsure lowered to 10 mm Hg and maintained under these conciticac for
tventy-four hours. There was obtained 2.62 g. (92.37%) of tough, black pciymer.

vi; DA-29-74. Depcat of DA-29-41 .Under Different Conditions.

In this reaction 5.€8 g. of each reagent instezd of 2.84 g. ware used.
The reagents were heated icgether after melting at Z70°C zt atuacepheric preasure
for twanty-four hours, then at 300°C for twenty-four hours. The pressure was
then reduced to 640 mm for twenty-four hours, and 540 =m for forty-eight hours.
The yield of poiymer was 6.17 g. {149.8%), brown in color, and its texture

resembled clay.
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vii) DA-29-54. Reaction of Dibenzylidene-m-phenylenediamine

and p-Xylylidene-bis-disnil.

The procedure and apparatus was similar to that used in DA-29-41 except
that the meta derivative, dibenzylidene-m-phenylerediamine instead of the para
derivative was used and the reaction conditions were slightly modified. The
reagents were melted together at 160°C, then the temperature raised to 300°C
and the pressure reduced slowly ovor a period of thirty-five hours to 2 mm
pressure and held there for five hours. The polymer, 1.83 g. (88.9%), was
dark~brown in color and contained unreacted reagents,

viii) DA-29-56. Repeat of DA-29-54 with ZnCl, Catalyst.

To the reagent mixture was added 0.1 g. 2nCly, and the mixture refluxed
at atmospheric pressure for two hours at 300°C. Ther the pressure was reduczd
to 2 om and benzylidene-aniline removed by distillation, leaving a porous red-
black polymer, 1.50 g. (72.8%).

ix) DA-29-149. Repeat of DA-29-41 Under Different Conditions.

The reagents were heated at reflux temperature of 320°C, and at aimos-
pheric pressure, for twelve hours; then eleven hours at 320°C at 20 mm Eg
pressure; six hours at 320°C at 1.5 mm Hg pressure; forty-five hours at 420°C
at 1.5 mm Hg pressure. There was obtained 1097 yield of a very black polymer.

x) DA-24-92. Reaction of p-Xylylidene-di-aniiine and

Di-benzylidene hydrazine.
A mixture of 5.78 8. of p°c6HSN=CHC6Hl‘_CH=NcGBS and 4.16 g of

CgH5CH=N-N=CHCgHs were reacted in the apparatus of DA-24-90 and heated by
means of a molten metal bath. A clear yellow homogeneous melt was formed at
150°C, and refluxing was observed at 220°C. At 300-325°C, the mixture was
boiling vigorously with some evidence of decomposition and elinination of non-
condensible gases. The mixture was maintained at 325°C for eighteen hours,

then the pressure was reduced to 1.5 mm and hald there for six hours,

- 102 -



following which it was gllowed to cool to room temperature. The distillate
amounted to 2.1 g. of CgHsCH=NCgHs; and 2.35 g. of black, glossy, spongy poly~
mer was isolated from the flask.

xi) DA-29-50. Reaction of Di-benzylidene-p-phenylenedismine

and p-Xylyl 1dene-d1j-aminogﬂidine .

A mixture of 2.86 g. of di-benzylidene-p-phenvlenediamine and 2.84 g. of

p-xylylidene-di-saminopyridine were reacted by the procedure of DA-29-54.
After melting and as the temperature increased the color of the melt changed
from yellow to red to brown. The distillate consisted of benzylidens-y(-aminc-
pyridine, and 2.49 g. of a dark-brown infusible polymer was obtained.

x1i) DA-29-43. Reaction of Dibenzylidene-hydrazine and

Glyoxelidine-di-p-methoxyaniline.

A mixture of 2.08 g. of CGHSCB=-N-N=HCC6H5 and 2.68 g. of
CH3N634N=CB-CH=NCGH4QCH3 were melted together and reacted at 280°C at atmos-
rheric pressure for two hours. During the reaction non-condensing gases, which
were basic to wet litmus paper and of an ammoniacal order, were liberated.

Then the pressure was reduced to 150 mm Hg pressure gnd benzylidene-p-methoxy-
aniline collected as the distillate. A black resinous-tarry substance remained
as the residue in the reaction flask.

x1ii) DA-29-64. Reaction of p-Xylylidene-di-aniline and I'’benzyliidene-

p+phenylenediamine in:the Preaence of Benzylidene-egniline.

A nixture of 2.84 g. of p~CgHgN=CHC H,N=CcHs, 2.84 g. of
p-C6BSCII=NC634N=CHCGBS and 2.0 g. of C6H5CH=NC6H5 were melted together at 20G°C
at atmospheric pressure and the temperature raised over a period of one hour
to 300°C, the colcr of the reaction melt changing from yellow to orange with
no further color change occurring over the next three-hour period, then the
pressure was reduced to 150 mm and benzylidene-aniline removed by distillatien

during a period of four hours. As the benzylidene-aniline was removed the
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color of the reaction mixture changed from orange to brown to black. The
black polymer, 1.38 g., was shiny and infusible.

b. Discussion.

The bis-exchange polymerization reaction was found to be the best modera-
ted and the best controlled reaction among those tried to this point. It pro-
ceeds without added catalysts and is accelerated by Lewis acid-type catalysts.
The reactions given by equation 63 and 64 are equilibrium reactionmns.

Further control is achieved in the solution-melt system by the addition
of benzylidene-aniline which, in equation 64, is shown as the by-product of
the reaction. The reaction, as given in equation 64, was shown to be 2n equi-
1ibrium reaction, since in the presence of excese benzylidene-aniline, the
reaction proceeded to a yellow-condensation product and remained there even at
300°C, until the benzylidene-aniline was removed by distillation. Once the
polymer was formed, continued heating in the solid state converted a brittle
polymer to a tough polymer by continued polymerization in the solid state.

Dibenzylidene-hydrazine was found to undergo bis-exchange with p-xzylyli-
dene-dianiline to yield, with signs of decomposition, a black spongy polymer
similar to that obtained from hydrazine and terephthaldehyde. Dibenzylidene-
hydrazine also gave evidence of undergoing the bis-exchange reaction with
glyozalidine~di-p-methoxyaniline, by the formation of p-methoxyvbenzylidene-
aniline. The polymer which should have the structure %CH-CB--—N-H:}:a and re-
ported7 as a yellow product underwent decomposition in the process to yield a

black tar-like resin.

C. From Acetals and Amine Compounds.

Difunctional acetals instead of the dizldehydes were used in the prepe-

ration of polymers and were evaluated in four reactions:

(1) Acetals with Anilnes

(2) Acetals with Zmine Hydrochlorides
(3) Acetals with N-Acylamines

(4) A~etals with Schiff Bases.

- 154 -



1. From Acetals and Amines.
The polymerization reaction between a diacetal and a Giamine can be

generalized as

4n CoH5OH + =£HCArCB=NArN%=n (eq. €5}
and the specific reaction between p-phenylenedigmine and p-xvlylidenetetra-
ethyl ether, is written as
n (H5Cp0)HCCEH,CH(0C7H50)7 + n HoRCgH,NHy «
4n CoHs5CH + =HHCCEH,CH-NC H M= (eq. 66}
The reaction of equation 66 was evaluated without sclvent and without catalyst.

a. Experimental.

i) DA-26-25. Reaction of p-Phenylenedismine and p-Xylylidene-

tetraethyl Ether.
A nixture of 2.0 g. of p-phenylenediamine and 0.766 g. of xylylidene-

tetraethyl ether were mixed in a reaction flask equipped with distilling head,
cendenser, receiver, and a nitrcgen inlet. The mixture was heated under a
slow continuous flow of nitrogen to 280°C, bk21d at that temperature for thirty
hours; then the reaction mixture was cooled. There was cbtainad as & reaction
product, 1.2 g. (83%) of an infusible, insoluble yellowish-broun polymer.

An infrared spectrum of this polymer was recorded. This polymer is inscluble
in molten benzylidene-aniline and is converted to a black polymer by further

reacticn.

saalyses 2C | 2B | Z W

Calculated { 81.55 ) 4.85 | 13.59

79.98 | 5.08 | 12.28
Found 79.66 | 5.10 | 12.38

79.€G | 4.81 | 12.23
79.46 | 4.93 | 12.34
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ii) DA-26-198. Reaction of p-Phenylenediamine and Xylylidene-

tetraethyl Ether.
A mixture of 14.12 g. of p-phenylenediamine and 5.407 g, of p-xylylidene-

tetraethyl ether were reacted in the apparatus of DA-26-25. The reaction

time was twenty-five hours at 220-300°C. During the reaction 8.7 g. of ethyl
alcohol was collected, leaving 10.5 g. (105% yield) of an infusible yellow-
brown polymer. An infrared spectrum of the polymer was recorded. This polyner
was also found to dissolve in molten benzylidene-aniline.

b. Discussion.

The polymerization reaction between the diacetal and the diamine was fourd
to proceed easily. When the mixture of the diamine and diacetal was heated,
the liberation of alcohol was detected at 84°C at which temperature a partial
melt of the reactants occurred, and a complete melt of the monomers observed
at 95-100°C. Within fifteen minutes at 100°C a dark-yellow precipitete was
formed. On raising the temperature to 280°C and continued heating, a dark-
brown polymer was obtained. The polymer obtained in this reaction is darker
in color than the polymer obtained by the reaction in solution of the diamine
and terephthaldehyce which has been post-heated to the same temperature. The
brown polymers of the acetal were also found to be soluble in benzylidena-
aniline and to be convertible to black polymers when this solution is heated
and further condensation achieved.

This synthesis from the acetal and the amine is similar in behavior in
its kinetic aspects to the direct condensation of the dialdehyde and diamine.
The elimination rate constant relationships, for the two-stage elimination of
alcohol have been shown in Part 1 of this report to be kzééfkl or k2 ) k1
and have been verified in these polymerization reactions, so that the isolaticn

of a soluble and/or fusible intermediate is not achieved.

- 106 -



The I.R. #éectra of the polymers showed absence of the 690 cm”1 and

760 cm_1 band§ attributed to Ehcdﬂ of the monosubstituted phenyl ring and the
presence of marked absorption in the 850 em! due to the &-C-H of the 1,4-
substituted phenylene ring. The spectra also showed absorption of 1600 cm'1
characteristic of the -C=N- frequency of the Schiff base linkage and a comple’e
absence of acetal linkages. The elemental analyses for C, H, and N compared
to the calculated for n = 0O, indicated that the molecular weight of the brosa
polymer was not high.

2. From Acctals and Amine Hydrochlorides.

The polymerization between the acetal and the amine hydrochlorides can

be generalized as

n HCl"NH,ArNHp-HC1 + n (R0),CHArCH(OR), =

4n ROH + =[=3»xArN=CHArCB=} -——————? %m:&cm:ca—::n (eq. 67)
HCl

and the specific reaction between p-phenylenediamine hydrochloride and
p-xylylidenetetraethyl ether is written as

Na,CO
4n CZHSOH +'£N-CGE4N=CHC6HQC84 -—ih—41-€> £N-c634u_cnccﬁaca%n (eq. 68}
HCl

The reaction of equation 66 was evaiuated in solution and in a melt sys-
tem. The hydrochlorides from the melt, and the hydrochlorides from the solu-
tion after isolation by filtration for the solvent, were dispersed in water
(1.0 g. in 10 ml nzo) and neutralized with 8% aqueous NayCO;. The neutrelized

polymers were then isolated by filtration and dried in a vacuum dessicator tc¢

constant weight.

a. Experimental.
i) DA-25-48-2. The melt-Rezction of p-Phenylenediamine pihydro-
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chloride and p-Xylylidenetetraethyl Ether.

A mixture of 1.0 g. of phenylenediamine hydrochloride and 1.56 g. of
p-xylylidenetetraethyl ether were mixed in a microflask equipped with a reflux
condenser and a nitrogen inlet. The mixture wae. heated slowly under a slow
stream of nitrogen from room temperature to 220°C, forming a clear melt at
60-80°C. Heating was contimuved for twenty-four hours, slowly increasing the
temperature from 220-280°C and the reaction terminated. The polymer was trans-
ferred to ~ 20 cc HZO, neutralized with 8% aqueous Na,CO3 and allowed to stand
for four to eight hours. The neutralized polymer was removed by filtratiom,
dried in a vacuum dessicator. The polymer was mostly black with areas of
yellow and blue; yield 1.0 g. An I.R. spectrum was recorded.

ii) DA-26-48-1. The Reaction of p~-Phenylenediamine Di-hvdrochloride

and p-Xylylidenetetraethyl Ether in Alcohol.

A solution of 1.0 g. of p-phenylenediamine hydrochloride and 1.56 g. of
p-xylylidenetetraethyl ether in 40 ml of ethyl alcohol in a 100 ml flask were
heated, under a slow steady stream of nitrogen, to reflux for twenty-four hours.
A precipitate formed almost immediately on reflux, and persisted throughout
the reaction. After cooling to room temperature the precipitate was removed
by filtration, added to ~~ 20 cc Hp0, and neutralized with 8% squeous NayCO3
and allowed to stand for four to eight hours. The neutralized polymer was thcn
removed by filtration, dried in a vacuum dessicator. Yield of yellow polymer
1.0 g.

iii) DA-26-50-1. The Reaction of p-Phenylenediamine Dihydrochloride

with p-Xylylidenetetraethyl Ether in N-Methylpyrrolidone at 100°C.
A mixture of 1.0 g. p-phenylenediamine hydrochloride and 1.56 g. of p-

Xylylidenetetraethyl ether in 40 ml of N-methyl pyrrolidone were reacted by
the procedure of DA-26-49-1 for twenty-four hours at 100°C. A precipitate

also formed in this reaction; it was isolated, neutiralized and dried. Yield
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of browm polymer, 1.5 g.

iv) DA-26-50-2. Repeat of DA-26-50-1 at 180-220°C.

The reaction time in this experiment was four hours. A precipitate was
also formed in this reaction; it was isolated, neutralized, and dried. Yield,
yellow polymer, 1.1 g.

v) DA-26-50-3. Repeat of DA-26-50-2 for Twenty-four Hours.

This reaction was performed at 180-220°C for twenty-four hours. A pre-
cipitate was also formed, which was isolated, neutralized, and dried. Yield
of brown polymer, 1.2 g. An I.R. spectrum was recorded.

vi) DA-26-49-1. Reaction of p-Phenylenediamine Dihydrochloride with

p-Xylylidenetetraethyl Ether in Dimethyl Formamide at 150°C.

The quantities and procedure used in DA-26-48-1 were repeated using 40 ml
of dimethyl formamide as the reaction medium instead of ethyl alcohol. The
temperature of reaction was 150°C for twenty-four hours, yielding an insoluble
precipitate which was isolated, neutralized, and dried. Yield of yellow
polymer, 1.5 g.

vii) DA-26-49-2. Repeat of DA-26-49-1 at 100°C.

A precipitate also formed in this reaction; it was isolated, neutralized,
and dried. Yield of brown polymer, 1.85 g.

b. Discussion.

The reaction between the diamine hydrochloride and the acetal was found
to proceed readily in bulk and in solvents to form the polymer hydrochlorides.
The solvents used were alcohol, dimethyl formamide and N-methyl pyrrolidone
with the expectation that the polymer hydrochlorides would be sufficiently
soluble in them to allow condensations to high molecular weights. The polymer
hydrochloride showed poor solubility in the solvents tried in the polymeriza-
tions. Further tests with the isolated hydrochlorides in a number of solvents

indicated very poor solubility. Judging from the color of the solvent, a
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qualitative estimate of the solubilizing ability of some of the solvents was
obtained: Dimethyl formamide > N-methylpyrrolidone ) alcohol b dioxane~
benzene, toluene, ether, and n-hexane. A greater portion of the neutralized
polymer obtained from the melt-reaction was black in color but it was hetero-
geneous, containing yellow and blue areas. Its I.R. psectrum was similar to
the spectrum of the polymer prepared from the acetal and free amine, whereas
the I.R. spectra of polymeré prepared in N-methyl pyrrolidone gave evidence
of incorporation of the pyrrolidone into the polymer.

3. From Acetals and N-Acylamines.

The polymerization reaction.of acetals and acylamines can be generalized
as n RCOBRATNHOCR + n (RO)HCArCH(OR), <
’2n ROH + 2n RCOOR + ={N-ArN=HCArCHI=_ (eq. 62}
and the specific reaction between N,N'-diacetyl-p-phenylenediamine and
p-xylylidenetetraethyl ether is written as
n CHyCONHC¢H,NHOCCH3 + n (H5C0)oHCC¢H,CH(OCoH5)y
2n C,H OH + 2n CH,C00C,Hg + £NC.H,N=CHC H,CHS (eq. 70)
The reaction of equation 70 was evaluated under various conditions and the
reaction was performed in a melt system at various temperatures and pressures
without and with catalysts as well as in the presence of N,N-dimethylinaph-
thalamine, N-methylpyrrolidone and polyphosphoric acid. It was also evaluated
in melt-solution systems with benzylidene-aniline as the solvent. A modifi-
cation of the melt-solvent system was also tried which included partially
polymerizing the reagents prior to the addition of benzylidene-aniline. Most
of the polymers which were prepared were analyzed for C, H, and N, and their
infrared spectra recorded and interpreted.

a. Experimental.

i) DA-26-125. The Reaction of p-Xylylidenetetraethyl Ether and

N,N'-Diacetyl-p-phenylenediamine.
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A mixture of 2.0 g. of the ether and 1.363 g. of the diacylamine were
reacted in 8 microflask equipped with a nitrogen inlet, coandenser, receiver,
etc., at 170°C for ninety hours under a continuous slow stream of nitrogen.
Part of the amide remainmed undissolved during the reaction. The yellow-white
reaction product was allowed to cool and extracted with hexane to remove
acetal leaving a product, 1.47 g., m.p. 303-306°C which was washed with al-
cochol to yield a white product, 1.24 g., m.p. 303-306°C, which was identified
by m.p. and I,R. as unconverted amide. No polymer was formed in this reaction.

ii) DA-26-127. Repeat of DA-26-125 at 220°C.

The reaction conditions for this experiment were 220°C for twenty-
three hours under a continuous slow stream of nitrogen. The reaction mixture
was also heterogeneous as in DA-26-125. Toward the end of the reaction time,
the mixture had increased slightly in viscosity and contained insoluble par-
ticles. The reaction mixture was treated in a Soxhlet extractor with CH3COCE
and EtCH to yield 1.9 g. of wet, crude pale-white solid which was repurified
and shown by m.p. (303-306°C) and I.R. spectrum to be p-CB3c0634NHmCHB.
The insoluble fraction from the extraction amounted to 0.9 g. (61% of theo-
retical) of brown polymer which was shown by I.R. spectrum to contain -C=N-
structures.

iii) DA-26-129. Repeat of DA-26-125 at 265°C.

The reaction conditions for this experiment were 265°C for three and
one-half hours under a continuous slow stream of N». The reaction mixture
at the early stages was heterogeneous becoming very viscous and almost homo-
geneous toward the end of the reaction period, yielding a dark-browm polymer
mass. The product was extracted with alcohol and its I.R. spectrum was iden-
tical to the spectra of polymers obtained by other polymerization methods,

such as by p~C6ﬂ4((m0)2 and p-C6HA(N112)2. Yield, 110% of theory.
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iv) DA-26-158. Reaction of 10% Excess p-Xylylidenetetraethyl Ether
with N,N'-Diacetyl-p-phenylenediamine.

A mixture of 1.65 g. of the acetal and 1.0223 g. of the diacylamide were
reacted under nitrogen in the apparatus of DA-26-125 at 175°C for two hours
at 100 nm Hg, and then at 210°C at 100 mm Hg for one and one-half hours.
Alcohol and ethyl acetate were eliminated during the reaction, which was hete-
rogeneous throughout and not completely liquid. The residue in the flask
was a reddish-brown solid which was extracted with acetic acid in a Soxhlet
apparatus for eighty-two hours. Yield, 1.055 g. (72%) of insoluble, infusiblz,
dark-brown polymer.

v) DA-26-159. Reaction of 20% Excess of p-Xylylidenetetraethyl

Ether with N,N‘'-Diacetyl-p-phenylenediamines.
The procedure of DA-26-158 was used to react 2.1 g. of the acetal with

1.0223 g. of the diacylamine. The residue in the flask amounted to 1.83 g.
and after extraction with acetic acid yielded 1.43 g. (98%) of browmish-
black, insoluble, infusible polymer.

vi) DA-26-141. Reaction of p-Xylylidenetetraethyl Ether and N,N'-

Diacyl-p-phenylenediamine with Toluene Sulfonic Acid Catalyst at 17C°C.

A mixture of 2.0 g. of the acetal and 1.363 g. of the diacylamine and
0.12 g. toluene sulfonic acid were reacted in the apparatus of DA-26-125 under
nitrogen at 170°C for twenty-eight hours. The reaction mixture became vis-
cous as heating continued, becoming a solid black mass, 1.4 g., toward the erd
of the reaction. The mass was extracted with alcohol leaving 0.9 g. (64%
yield) of black polymer.

vii) DA-26-143. Repeat DA-26-141 at 220°C.

The reaction conditions were 220°C for nineteen hours. Reaction mixture

was homogeneous throughout the reaction, and the viscosity increased with
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reaction time; tﬁe color of the mass changing from yellow to black in the
course of the reaction. Yield of black polymer after extraction with
CH4COOH, 1.61 g. (111%).

viii) DA-26-184. Reaction of p-Xylylidenetetraethyl Ether and

N,N'-Diacetyl-p-phenylenediamine in Benzylideme-p-chlorcaniline.

A mixture of 2.0 g. of the acetal and 1.363 g. of the diamide in 6.0 g.
benzylidene-p-chloroaniline were reacted in a microflask equipped with a N,
inlet, condenser, receiver, vacuum outlet, etc., for one hour at 220°C at
atmospheric pressure, and 0.5 ml of ethyl alcohol collected. Then, during
the next two and one-half hours, the pressure was reduced to 100 mm Hg, and
there was collected 0.4 ml of a mixture of ethyl alcohol and ethyl acetate.

The residue in the flask consisted of 1.15 g. (77%) brownish-black polymer.

ix) DA-26-166. Reaction of p-Xylylidenetetraethyl Ether and N,N'-Di-
acetyl-p-phenylenediamine in Excess of Benzylidene-aniline.

A mixture of 1.0 g. of the acetal, 0.6815 g. of the diacylamine and

6.0 g. of benzylidene-aniline were reacted in the apparatus of DA-26-125,
under a nitrogen atmosphere. The reaction conditions were 185°C for one and
one-half hours at atmospheric pressure; 220°C for five hours at atmospheric

pressure; 260°C for two hours at 100-200 mm Hg pressure, and 320°C for onme

and one-half hours at 20 mm Hg pressure. The reaction mixture was homogeneous

throughout the period of the reaction with an increase in viscosity as the

reaction proceeded, with no further increase until the excess benzylidene-~

aniline was removed at 20 mm pressure at 320°C, whereat it became very vis-
cous, and finally a black solid. Yield of black polymer, after extraction

with alcohol, 1.1 g. (150% of theory). The polymer was soluble in HCOOH

and HZSOQ but insoluble in HCON(CB3)2.
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x) DA-26-197. Reaction of Xylylidenetetraethyl Ether and N,N'-

Diacetyl-p-phenylenediamine in Presence of Benzylidene-aniline.

A mixture of 5.0 g. of the acetal, 3.407 g. of the diamide and 8.000 g.
of benzylidene-aniline were reacted in the apparatus of DA-26-184 at 240°C.
At the end of sixty minutes 0.75 ml of ethyl alcohol was collected; and at
the end of three hundred minutes an additional 2.25 cc of distillate was
collected, which was a mixture of ethyl alcohol and ethyl acetate. The dis-~
tillate amounted, at this stage, to 70% of theoretical. Heating was then con-
tinued at 260°C for sixty hours. During the course of the reaction the color
of the reaction mixture changed from yellow to brown to black, becoming more
viscous as the reaction proceeded, and finally becoming a black solid. Finzl
yield, 135%. During the reaction samples were withdrawn at 100 (RA-26-197),
140 (DA-26-197-2), and 300 (DA~26-197-3) minutes, and I.R. spectra of the
reaction products: tiken.

xi) DA-26-133. Reaction of p-Xylyl jdene etraethyl ether and ¥M.M'-
Diacetyl-p-phenylenedismine in N,N'-Dimethylnaphthalamine at 170°C.

A mixture of 2.0 g. of the acetal, 1.363 g. of the diacylamine and 8 ml
of N,N'-dimethylnaphthylamine were reacted in the apparatus of DA-26-125 in
an atmosphere of N,. The reaction conditions were 170°C for twenty-four
hours at atmospheric pressure and forty-two hours at 100 «+ 70 mn Hg. The
reaction mixture was homogeneocus, darkening in color and increasing in vis-
cosity as | the reaction proceeded. When terminated, the product was g dark-
brown viscous liquid even at room temperature. After washing with hexane
there remained 6.3 g. of a hexane-insoluble oily product. This product was
dissolved in acetone leaving 0.8 g. of acetone-insoluble brown-yellow mate-
rial., From the acetone solution there was recovered by precipitation with
alcohol 1.8 g. of crude solid which was recrystallized from alcohol and

identified as unreacted N,N'-diacetyl-p-phenylene-diamine.
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xii) DA326~135. :Repeat of DA-26-133 at 220°C.

The reaction conditions were 220°C for thirty-two and one-half hours at
atmospheric pressure under Nz. The reaction product was extracted as betore,
and the white, acetone-insoluble product amounted to 1.4 g., and the creamy-

colored acetone-soluble product, to 3.1 g.

xiii) DA-26-137. Reaction of p-Xylylidenetetraethyl Ether and N,N'-

Diacetyl -p-phenylenediamine in N-Methylpyrrolidone at 200°C.
A mixture of 2.0 g. of the acetal, 1.363 g. of the diacylemine and

10.0 g. of N-methylpyrrolidone were reacted in the apparatus of DA326-125
at 200°C for seventeen and one-half hours under a slow stream of nitrogen.
The mixture became homogeneous within five minutes after the start of the
reaction with the formation of a yellow color changing to dark-brown at the
end of the reaction period. The product of the reaction was a dark, viscous
liquid which was dissolved in ethyl alcohol, leaving 1.7 g. (116%) of a
brown polymer product.

xiv) DA-26-139. Repeat of DA-26-137 at 253°C.

The reaction conditions were 253°C for eight hours. The color of the
homogeneous solution was brownish-yellow which became a black solid at the
end of eight hours of reaction, from which there was isolated 2.2 g. (150%
yield) of black, infusible polymer.

xv) DA-26-149. Reaction of p-Xylylidenetetraethyl Ether and N,N'-

Diacetyl-p-phenylenediamine in Polyphosphoric Acid.

A mixture of 1.0 g. of the acetal and 0.6815 g. of the diacylamine in
10.0 g. of polyphosphoric acid were reacted in the apparatus of DA-26-125 at
170°C for twenty hours under a slow stream of Np. The solution became vis-
cous and dark-brown during the reaction and did not solidify on cooling. The
reaction mixture was poured into 200 ml of ethanol; the solid separated by

filtration and treated in a Soxhlet extractor with ethanol. The yield of
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reddish-brown polymer was 1.7 g. (230%).

xvi) DA-26-151. Repeat of DA-26-149 at 220-260°C.

The reaction conditions were 220°C for twenty-three and one-half hours
and 260°C for five hours. The changes in color, viscosity and the final
product were similar to that obtained in DA-26-149. The yield of brownish-
black polymer after extractiom with alcohol was 2.1 g. (288%).

xvii) DA-26-145. Reaction of p-Xylylidenetetraethyl Ether, N, N'-

Diacetyl-p-phenylenediamine with Toluene Sulfonic Acid in N-

Methylpyrrolidone.
A mixture of 2.0 g. of the acetal, 1.363 g. of the diamide, 7.0 g. of

N-methylpyrrolidone and 0.12 g. of toluene sulfonic acid were reacted in the
apparatus of DA-26-125. The reaction conditions were 170°C for twenty-two
hours at atmospheric pressure and eighteen hours at 220°C at 200 om Hg
pressure. The reaction mixture was dark-brown and very viscous. After ex-
traction of the reaction product with cnscom and Czﬂsm there remained 1.87 g.
(129%) of black polymer.

xviii) DA-26-152. Repeat of DA-26-145 Under Modified Conditions.

A mixture of 1.0 g. of the acetal, 0.6815 g, of the diamide, 3.0 g. of
N-methylpyrrolidone and 0.1 g. of toluene sulfonic acid were reacted under a
nitrogen atmosphere at 170°C at atmospheric pressure for three hours; at
215°C for fifteen and one-half hours; and then at 250°C for six and one-half
hours at 200 mm Hg pressure, to yield a black solid mass which, after extrac-
tion with alcohol, yielded 1.2 g. (165%) of black polymer.

xix) DA-26-153. Repeat of DA-26-152 with Excess Acetal.

A mixture of 1.2 g. of acetal, 0.6815 g. of the diamide, 3.0 g. of R-
methylpyrrolidone and 0.1 g. of toluene sulfonic acid were reacted under cou-

ditions identical to DA-26-152 and there was isolated 1.4 g. (192%) of black

polymer.
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xx) DA-26-154. Partial Reaction of p-Xylylidenetetraethyl Ether, N.N'-

Diacetyl -p-phenylenediamine and N-Methylpyrrolidone Before Additicn

of Toluene Sulfonic Acid.

A mixture of 2.0 g. of acetal, 1.363 g. of the diamide and 3.0 g. of N-
methylpyrrolidone were reacted under nitrogen in the apparatus of DA-26-125
at 210°C for three hours at atmospheric pressure, then 0.1 g. of toluene
sulfonic acid added and the reaction continued at 240°C for twelve hours; at
265°C for four hours at 100 mm Hg pressure. A yellow color developed with
the first ten minutes of reaction, which was heterogeneous, becoming homo-
geneous after fifteen minutes reaction time. The viscosity increased con-
tinuously and was noticeably viscous at the end of sixty minutes. When the
reaction was terminated, it was a black solid. After extraction with acetic
acid, there was obtained 2.6 g. (185%) of a black polymer.

xxi) DA-26-155. Repeat of DA-26-154 With Excess Acetal.

The reagents and procedurewere identical to that of DA-26-154, except
that 2.4 g. of acetal instead of 2.0 g. was used. The yield of black, insc-

luble, infusible polymer after extraction was 2.7 g. (185%).

xxii) DA-26-178. Reaction of p-Xylylidenetetraethyl Ether, N,N'-
Diacetyl-p-phenylenediamine with Toluene Sulfonic Acid in

Benzylidene-aniline.
A mixture of 2.045 g. of the acetal, 3.0 g. of the diamide and 0.2 g.

of toluene sulfonic acid and 7.0 g. of benzylidene-aniline were reacted under
nitrogen in the apparatus of DA-26-125 at 220°C for two and one-half hours
at atmospheric pressure; at 250°C for twenty-one hours at 150 mm Hg; and at
360°C for twenty hours at 3 mm Hg pressure to yield a viscous solution which
solidified on cooling. The product was extracted in a Soxhlet extractor
with ethyl alcohol for five days to give 7.8 g. (3547%) of black insoluble

polymer.
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xxiif) DA-26-167. Partial Reaction of p-Xylylidenetetraethyl Ether end

N.N'-Diacetyl -p-phenylenedismine Before Addition of Benzvlidene-

aniline.

A mixture of 1.0 g. of the acetal, and 0.6815 g. of the diamide were re-
acted in the apparatus of DA-26-125 under a nitrogen atmosphere at atmospheric
pressure for six and one-half hours at 220°C, with the formation of a brown
solid polymer. Then to the mixture was added 6.0 g. of benzylidene-aniline,
and on addition, dissolution of the solid occurred. The reaction was con-
tinued for twelve additional hours at 220°C; then at 200 mm Hg pressure at
260°C for two hours, and at 20 mm at 320°C for four hours. The viscosity of
the reaction mixture increased as a function of time, and the product was a
black solid at the end of the reaction time. The product was extracted with
ethyl alcohol in a Soxhlet apparatus for ten hours and there was obtained
0.8 g. (109%) of a black polymer which was soluble in BCOOH and H,S0,.

xxiv) DA-26-169. Modified Repeat of DA-26-167.

A mixture of 2.0 g. of acetal and 1.363 g. of diamide were reacted in a

nitrogen atmosphere at 130°C for thirty-onme hours producing a completely solid
brown polymer mass; then there was added 4.0 g. of benzylidene-aniline and
dissolution of the solid occurred and the reaction temperature raised to 320°C
for three and one-half hours. As the reaction progressed the viscosity in-
creased markedly and the color changed to black. The reaction product was ex-
tracted with alcohol for eighty-two hours in a Soxhlet apparatus and there
was obtained 1.4 g. (1007 of theory) of a black polymer which was soluble in

HCOCH and HyS0,,.

xxv) DA-26-179. Catalyzed Partial-Reaction of p-Aylylidenetetraethyl
Ether with N,N'-Diacetyl-p-phenylenediamine Before Addition of

Benzylidene-aniline.
A mixture of 3.0 g. of the acetal, 2.045 g. of the diamide and 0.2 g.
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of toluene sulfonic acid were reacted under a nitrogen atmosphere in the
apparatus of DA-26-125 at 220°C at atmospheric pressure for two and one-half
hours; then 6.0 g. of benzylidene-aniline were added and the reaction con-
tinued at 250°C at 150 mm Hg pressure for twenty-one hours; and at 360°C at
3 om Hg pressure for twenty hours. The reaction product was isolated and
extracted with ethyl alcohol in a Soxhlet apparatus to yield 6.5 g. (300%)

of a black insoluble polymer.

xxvi) DA-26-168. Partial Reaction Product of Xylylidenetetraethyl

Ether and N,N'-Diacetyl-p-phenylenediasmine in Nitrobenzene

Befére Addition of Benzviidene-aniline.

A mixture of 2.0 g of the acetal, 1.63 g. of the diamide and 10.0 g. of
nitrobenzene were reacted in the .appatatus of DA-26~125 under a nitrogen at-
mosphere at 180°C for fifty-two hours at atmospheric pressure. The mixture

was homogeneous with the formation of light-brown color with little or no
change in viscosity. Then 3.0 g. of benzylidene-aniline were added and the
temperature raised to 240°C for twelve hours during which time the solvent
distilled from the mixture and the reaction mass darkened to a black solid.
The solid was extracted with ethyl alcohol in a Soxhlet apparatus and there
was obtained 1.8 g. (1247 yield) of black polymer, speckled with small

amounts of yellow solid. The polymer was soluble in HCOOd and }12804.

b. Discussion.

The uncatalyzed reaction of the acetal and the acylamid -ewas found to
proceed very slowly or not at all at melt temperarures, but it did proceed at
temperatures of .. 2565°C or higher. However, the reaction was readily cata-
lyzed by toluene sulfonic acid so that it proceeded at a temperature of
about 170°C.

The I.R. spectra of the polymer products were those of a typical poly-

Schiff base. It was also detemmined that the polymerization reacticn pro-
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ceeded in two steps with elimination of alcohol preceeding the elimination
of ethyl acetate. This was clearly shown in DA-26-184 in which 0.5 ml of
ethyl alcohol was collected in the first hour of reaction, and 0.4 cc of a
mixture of ethyl alcohol and ethyl acetate were collected in the next two
and one-half hours. A similar observation was made in DA-26-197 in which
0.75 ml of alcohol were collected in the first hour of reaction and 2.25 ml
of an alcohol-ethyl acetate mixture collected during the next four hours,

establishing the existence of the intermediate polymer:
Teﬂaﬂ-—g—‘csﬂa—g—']'
0 ¢o 285 2Hs "
3 éBB

This intermediate arises from the reaction

n CHCONHCgH,NHOCCH3 + n o/cnc6na-ca\
Cats 0CaHs5

2n CpH503 + {z—-C6H4N~—-—CSCGB4 n EZ..;;
0 g; &c,Hi;
e 3 2t
soluble
=IN-C.H,N=CHC H, CH}= + 2 CH3;CO0C;Hs (ed. 71}
insoluble
The scluble intermediate eliminates CH3COOCZH5 at a rate k, which is smaller
than the k; for the elimination of ethyl alcchol. These results are in
accord with the mechanism proposed in Part I of this report for the equiva-
lent non-polymeric reactions.

From the high yields obteined and from the I.R. spectra, the reactions
performed in N-methyl pyrrolidome and polyphosphoric acid were shown to con-
tain substantial quantities of these solvents vwhich obviously could co-
react iu the system to produce copolymerization products. The yield data

and th2 spectra of polymers prepared in N,N-dimethylnaphthylamine also shcwed
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that substantial amounts, after extraction with solvents for the N,N-di-
methylnaphthylamine, were tenaciously held in the polymer; and since it seeus
to lack reactive groups, the assumption that complexes or adducts are formed
with the polymers, appears plausible.

The yields of polymers were also high when the reactions were performed
in benzylidene-aniline, indicating that telomerization by exchange with the
polymer occurs in the melt-solution system; and that, in additiom, benzyl-
idene-aniline could also be complexed with the polymer. The larger yields,
that is, those exceeding 100% of theory appear to be favored by the presence
of catalysts, a condition observed earlier in this report as favoring ex-
change reactions.

In general, it was found that the uncatalyzed reactions were best from
the viewpoint of preparing soluble polymers and that these could be conver:ied
to insoluble, infusible black polymers. This conversion was simplified, how-
ever, by the addition of benzylidene-aniline to the partially reacted system.
However, from the viewpoint of preparing fusible polymers, soluble in HCOOH
or H;50,, which varied in color from dark-brown to black, the uncatalyzed
reaction in benzylidene-aniline appears to be the best method.

4. From Acetals and Schiff Bases.

The polymerization reaction of acetals and Schiff bases can be general-

ized as
n (P.O)zcmu:CH(OR)z + n ArCH=NArN=CHAT =

2n AtCH(OR)2 + =ENArN=CH—ArCB=]=n (eq. 72)

and the specific reaction between p-xylylidenetetraethyl ether and diben-
zylidene-phenylenediamine as
n _(CoH50),CHCH,CH(OC Hg)y + n CgH5CH=NCgH,N=HCCgHs =+

2n C 6nsc:n(oc + ={=NC53 N=CHC H4CH=}=n {eq. 73)

2502 &G
The reaction of equation 73 was evaluated under the various ccnditions of
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time, temperature, catalyst, and in melt, solution, and melt-solution systems

(3

similar to the studies performed for the reaction of the acetals with the
acylamines. The solvents investigated in this case were also N,N-dimethyl-
naphthylamine, N-methylpyrrolidone, polyphosphoric acid, and benzylidene-
aniline. In the catalyzed system, toluene sulfonic acid was used as the
catalyst.

Most of the polymers which were prepared were analyzed for C, H, and N
and their I.R. spectra recorded and interpreted.

a. Experimental.

In the following reactions, the apparatus consisted of a microflask
equipped with a nitrogen inlet, thermometer, idistilling head, condenser,
receiver, vacuum outlet and a metal-alloy bath heated by an electric mantle.
The general procedure consisted in introducing the reagents into the flask,
sweeping out the air with N2 and then heating the reagents while a 2low
strean of nitrogen is passed through the mixture, at thc temperatures and
pressures for the indicated times while collecting by-product benzylidena-
diethyl ether, at the end of the reaction time the residue in the flask
allowed to cool. In some cases this was the final product; in other cases,
where indicated, the product was fractionated or extracted to separate poly-
mer and other products.

i) DA-26-124. Reaction of p-Xylylidenetetraethyl Ether and Di-

Benzylidene-p-phenylensdiamine at 190°C.

A mixture of 2.0 g. of the acetal and 2.018 g. of the Schiff base were
heated for ninety hours at 170°C at 500 mm Hg pressure. At the end of the
reaction the mixture was then a liquid at 170°C but solid at rcom tempera-
ture, and was dark-brown in color. Benzylidenediethyl ether was collected

as a distillate. By washing and extracting the solid with alcohol and hexene,
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six fractions were isolated, five of which showed low melting points in the
range of 105-190°C, totalling 3.55 g. Ome fraction, 0.3 g., was golden
yellow and polymeric and its I,R. spectrum showed presence of -C=N-

structures.

ii) DA-26-126. Repeat of DA-26-124 at 220°C.

The reaction time was twenty-three hours. The ;iscosity of the mixture
increased noticeably as the reaction proceeded with a color change from
yellow to dark brown at the end of the reaction; the product was very vis-
cous when hot and it solidified in cooling. The product was separated into
three fractions by means of hexane; two of which showed low melting points
in the range of 105-107°C, 2.5 g. One fraction (1.3 g.) was yellowish-brown
and polymeric; its I.R. spectrum showed presence of -C=N- bonds.

iii) DA-26-128. Repeat of DA-26-124:at 265°C.

The reaction time was six hours. The viscosity of the mixture increaced
rapidly during the reaction with a corresponding color change to black. The
product was solid when hot at the end of the reaction. It was treated in a

Soxhlet extractor with acetic acid for thirty-two hours and with ethyl alco-

hol, leaving 1.9 g. of black, solid, infusible polymer.
iv) DA-26-132. Reaction of p-Xylylidenetetraethyl Ether aud Dibenzyl-

idene-p-phenylenediamine in N,N-Dimethylnaphthylamine at_170°C.
A mixture of 2.0 g. of the acetal, 2.018 g. of the Schiff base and 10

ml of N,N-dimethylnaphthylamine were reacted at 170°C for twenty-fcur hours
at 170 mm Hg and for twenty-two hours at 100 mm. At the end of the reacticn,
the hot mixture was of low viscosity and light-brown in color; it did not
solidify on cooling. A yellow precipitate was obtained by the addition of
25 ml of hexane to the reaction mixture. The precipitate was removed by fil-
tration, and recrystallized from acetone; yield of yellow product, 2.3 g.

(198%), m.p. 185-195°C.
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v) DA-26-134. Repeat of DA-26-132 at 220°C.

The reaction time was thirty-two and ome-half hours at 170 mm Hg pressure.
The final reaction product was brown and of low viscosity and became a sticky
viscous mass on cooling to room temperature. It was dissolved in acetone
and reprecipitated by the addition of ethyl alcohol; yield, yellow polymer,

5.4 g. (370%),m.p. 155-160°C. 1Its infrared spectrum showed no -C=N- peaks.

vi) DA-26-136. Reaction of p-Xylylidenetetraethyl Ether and Dibenzyli-

dene-p-phenylenediamine in N-Methylpyrrolidone at 200°C.
A mixture of 2.0 g. of the acetal, 2.0189 g. of the Schiff base in 10.0

g. N-methylpyrrolidone were reacted at 200°C for seventeen and one-half hours
at 700 mm Hg pressure. In the course of the reaction the mixture changed
from light-yellow to a dark-brown color with a marked increase in viscosity,
becoming a solid at the end of the reaction. It was dissolved in acetone
and reprecipitated by the addition of ethanol. Yield 1.4 g. (95%) of dark-
brown polymer. Its infrared spectra showed the presence of small amounts of
-C=N- structures.

vii) DA-26-138. Repeat of DA-26-136 at 253°C.

The reaction proceeded very rapidly at this temperature and the final
reaction product was a black solid which was dissolved in acetone and repre-
cipitated by the addition of ethanol. Yield, 2.2 g. (150%) dark-browm
polymer.

viii) DA-26-148. Reaction of p-Xylylidenetetraethyl Ether and Diben-

zylidene-p-phenylenediamine in Polyphosphoric Acid at 170°C.

A mixture of 1.0 g. of the acetal, 1.0¢g,.of thecSchiff base iz 10.0.g.
of polyphosphoric acid were reacted at 760 mm at 170°C for twenty hours. No
distillate was collected from this reaction which, at the end of the reaction
time, was a dark-brown viscous liquid. The product was poured into ethyl
alcchol and there was isolated as a precipitate 1.7 g. (230%) cf a yellcw-
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brown fusibie polymer which contains combined phosphorous.

PR L _acn n o - s -~
ix) DA-26-150. Repeat of DA-26-148 at Higher Temperatures.

The reaction conditions were 220°C for twenty-three and one-half hours
and 260°C for five hours at atmospheric pressure. The reaction product was
a black viscous solution which was poured into alcohol and there was obtained
1.8 g. (240%) of a dark-brown polymer which contains combined phosphorous.

x) DA-26-164. Reaction of p-Xylylidenetetraethyl Ether and Dibenzyli-

dene-p-phenylenediamine in Benzylidene-aniline.

A mixture of 1.0 g. of the acetal, 1.0 g. of the Schiff base and 7.0 g.
of benzylidene-aniline were reacted at 220°C for seven and one-half hours et
100 mm; 260°C for twenty-one and one-half hours at 50 mm; and 260°C for twc
hours at 2 mm Hg pressure. On heating, the color of the solution became
black and the mixture showed noticeable increase in viscosity after seven and
one-half hours of reaction but was not converted to a solid by the end of the
reaction time. However, it became a black solid on cooling to room tempera-
ture. When the product was extracted with acetic acid, no insoluble pro-
ducts were obtained, indicating that the black polymer was of low molecular
weight and soluble in acetic acid.

xi) DA-26-170. Reaction of p-Xylylidenetetraethyl Ether and Benzyli-

dene-p-phenylenediamine in a Reduced Amount of Benzylidene-aniline.
A mixture of 0.8043 g. of the acetal, 0.8043 g. of the Schiff base and

1.5 g. of benzylidene-aniline were reacted at 220°C for four hcurs at 100 mn;
240°C for twelve hours at 180 mm; and 320°C for three and one-half hours at
20 mm Hg pressure. The reaction mixture became black and viscous at 220°C
and solidified within one hour at 320°C. The product, after extraction with
alcohol, was a black solid polymer, 0.7 g. (1107) which was soluble in

conc. BZSO4 and partially soluble in HCOOH.
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xii) DA-26-173. Repeat of DA-26~-170 Under Different Conditions.

The amounts used were four times the quantity of DA-26-173 and the re-
action conditions were 220°C for twenty-five hours at 100 mm; 330°C for
three hours at 100 mm, at which a sample (1) was withdrawn; and 300°C for
five hours at 150 mm Hg pressure. When sample (1) was removed it was a
sticky dark-brown solid at this temperature, but solidified at room tem-
perature; it was soluble in BCOOH and BZSOQ and partially soluble in dimethyl-
formamide. The final reaction product was black and insoluble in the sol-

vents. Yield of black polymer, 2.8 g. (110%).

xiii) DA-26-165. Addition of Benzylidene-aniline to Partial-Reaction
Product of p-Xylylidenetetraethyl Ether and Dibenzylidene-p-:

phenylenediamine.
The quantities and reaction conditions were the same as DA-26-164 ex~

cept that the benzylidene-aniline was added to the reaction flask seven and
one-half hours after the acetal and Schiff base had reacted. Within the
first seven and one-half hours of reaction, the mixture had bacome a dark-
brown solid and on the addition of benzylidene-aniline a clear viscous solu-
tion was formed which remained viscous to the end of the reaction but soli-
dified on cooling. After extraction with ethyl alcohol there remained 1.7 g.
(233%) of brown polymer soluble in BCOOH and H,80,.

xiv) DA-26-171. Modification of DA-26-165.

In this modification there was used 2.0 g. of the acetal, 2.01 g. of
the Schiff base and 3.0 g. of benzylidene-aniline which was added after
four hours of reaction. The reaction conditions were: four hours at 220°C
at 100 mm; twelve hours at 245°C at 70 mm; and thirty-five hours at 320°C
at 20 mm Hg pressure. The addition of the benzylidene-aniline caused disso-'
lution of the brown polymer formed in the first four hours, and the solu-

tion remained as a viscous liquid which solidified in the first hour at
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320°C. After extraction of the solid with ethyl alcohol there remained
1.9 g. (130%) of black polymer soluble in HCOOH and HZSOA.

xv) DA-26-174. Modification of DA-26-171.

In this modification, the ratio of benzylidene-aniline to reactants
was increased using 4.0 g. of the acetal, 4.036 g. of the Schiff base and
12.0 g. of benzylidene-aniline, which was added after twenty-five hours of
reaction. The reaction conditions were: twenty-five hours at 220°C at 100
mm Hg; five hours at 270°C at 150 mm Hg; three hours at 330°C at 100 mm Hg
(sample (1) withdrawn); five hours at 330°C at 150 mm Hg. After extraction
of the solid reaction product with ethyl alcchol there remained 4.35 g.
(113%Z) of black polymer, insoluble in HCOOH and H,S0,, whereas sample (1)

was found to be soluble in HCOOH and 32804.

xvi) DA-26-140. Reaction of p-Xylylidenetetraethyl Ether and p-Ben-

zylidene-p-phenvlenediasmine with a Catalyst at 170°C.
A mixture of 2.0 g. of the acetal, 2.018 g. of the Schiff base and

0.120 g. of toluene sulfonic acid were reacted at 170°C for twenty-nine
hours at 40 mm Hg pressure. On initial heating the mixture became homoge-
neous, slowly solidifying and at the end of ome hour the mass was completely
solid. In the course of the reaction the color of the solid product changad
from yellow to brown. The product was treated with acetic acid in a Soxhle:
extractor leaving 2.5 g. (113%) brownish-yellow infusible polymer.

xvii) DA-26-142. Repeat of DA-26-140 at 220°C.

The reaction conditions were 220°C for nineteen hours at 100 mm Hg

pressure. After extraction with ethyl alcohol for five hours followed by
acetic acid for three hours, there remained 2.47 g. (1687) of a reddish-
brown infusible polymer.
xviii) DA-26-146. Reaction of p-Xylvlidenetetraethyl Ether and Diben-
zylidene-p-phenylenediamine in N-Methylpyrrolidone with a
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Catalyst.
A mixture of 2.0 g. of the acetal, 2.018 g. of the Schiff base, 6.0 g.

of N-metaylpyrrolidone amd 0.12 g. of tolueune sulfonic acid ware reacted at
170°C for three hours at 200°C; for three hours at 500 mm Hg pressure; then
at 250°C for four hours at 20 mm. At the beginning of the reacticn the
solution became clear; then a small amount of precipitate formed which re-
dissolved; and in three hours the reaction product became dark and viscous,
becoming converted to a black solid mass at the end of the reaction. After
extraction of the solid with acetone, alcohol and acetic acid, there re-
mained 2.9 g. (200%) of black polymer. Its infrared spectrum showed the
presence of N-methylpyrrolidone units in the polymer.

xix) DA-26-147. Repeat of DA-26-146 with Acetal in Excess.

A mixture of 1.7 g. of acetal, 1.085 g. of Schiff base, 5.0 g. of N-
methylpyrrolidone and 0.1 g. of p-toluene sulfonic acid were reacted under
conditions identical to DA-26-146. The yield of black polymer, after ex-
traction was 1.9 g. (240%), and its infrared spectrum showed the presence
of N-methylpyrrolidone in the polymer.

xx) DA-26-176. Reaction of p-Xylylidenetetraetnyl Ether, Diben-

zylidene-p-phenylenediamine in Benzylidene-aniline and Catalyst.

A mixture of 3.000 g. of the acetal, 3.027 g. of the Schiff bsse, 8.0 g.
of benzylidene-aniline and 0.5 g. of toluene sulifonic acid were reacted at
100 nm for four hours at 220°C and sixteen hours at 240°C; four hours at
265°C at 20 mm; two hours at 300°C at 2 mm; and twenty-one hours at 250°C
at 2 mm Hg pressure. The reaction product remained viscous throughcut the
entire period and never became solid even when cooled to room temperature.
After extraction of the reaction product with alcohol there remained 8.8 g.

of black polymer which was soluble in H,50, and partially soliuble in HCOCH,
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xxi) DA-26-179. Addition of Benzylidene-aniline to the Catalvzed

Partial Reaction of Dibenzvlidene-p-pheuylenediamine, p-Xylyli-

denetetraethyl Ether and Toluene Sulfonic Acid.

A mixture of 3.000 g. of the acetal, 3.027 g. of the Schiff base and
0.50 g. of toluene sulfonic acid were reacted at 220°C for four hours at
100 mm; then at 240°C for sixteen hours at 100 mm Hg pressure, yielding a
dark-brown solid. At this point, 8.0 g. of benzylidene~aniline was added,
causing complete dissolution of the mass. The reaction was corntinued at
265°C for four hours at 20 mm; at 300°C for two hours at 2 mm; and at 35C0°C
for twenty-one hours at 2 mm Hg pressure to produce a viscous black reaction
mass which did not become solid at the reaction temperatures but which soli-
dified on cooling. After extraction of the solid with ethyl alcohol there
remsined 6.2 g. (205%) of black polymer which was soluble in HCOOH and HpS50,.

b. Discussion.

The uncatalyzed melt reaction between the acetal and the Schiff base
to produce a polymer was found to proceed very slowly at 170°C; moderately
fast at 220°C to produce a brown polymer, and. rapidly-at 265°C to give a
black polymer. Catalysis with toluene sulfonic acid accelerated th= reac-
tion markedly even at 170°C. The I.R. spectra of the polymers showvad them
to be similar to the Schiff base type polymers prepared from the zldehyde
and smine, The distillate from the reaction was shown to be benzylidenedi-
ethyl ether as expected from the mechanism of the reactiom.

When the reactions were performed in N,N-dimethylnaphthylamine, or N-
methylpyrrolidone or in polyphosphoric acid, yields greatly ir excess of the
1007 theoretical were obtained, even after the polymer was subjected o ex-
tended periods of extraction with extractants in which the solvent was solu-
ble. The I.R. spectra of these extracted high-yield polymers showed bands

characteristic of the polymerization solvent, indicating, as was shown in
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the reactions of the acetals with the acylamines, copolymerizetion of such
goivents as N-methylpyrrolidone or complex formation with N,N-dimethylnaph-
thylamine.

HOigher than theoretical yields were also obtained in the melt-solution
systems with benzylidene-aniline; this can be attributed in part to tke
existence of a Schiif-exchange reaction. In all cases the tendency to
higher than theoretical yield was increased by the presence of catalysts.

However, yields close to theoretical were obtained in the polymeriza-
tions performed in bulk and in solution-melt in benzylidere-aniline. From
the viewpoiat of preparing fusible anc soluble black polymers, the uacate-
lyzed reaction of the acetal and Schiff base in benzylidene-anilire, or a
modification of this reaction which consists in adding benzylidene-anilina
to a partially condensed system of acetal and Schiff base, appcar to be
satiszfactory.

D. From Aldehydes and N-Acylamines.

The poivmerization reaction of aldeliydes and acylamines can ¢ gene-
ralized as

n OHCArCHC + n RCOIHArNEOCR « 2n RCOOH + %HCArCB:ﬂArN%n (eqa. 74)
and tihe specific recacticn betwecen terephthaldehyde gnd W,N'-dizcetyl-p-
phenylenediamine is written as

n OHCCSHACHO'+ n CH3COK53634NHOCCB3 »> 2 CH3COOH + $3306H4C5=ﬁ3 E4N$n

(eq. 75}
This type of reaction was found in Part I to be unpromising. However, the
reaction of equation 75 was evaluated to determine whether or not polymer
formation occurs and if any -C=N- structures appear in the pciymer if a
polymer is form=d. The reaction was studied in uncatzlyzed aad catalyzed

melt systems.
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1. Experimental.
a. DA-26-59. Reaction of Terepnthaldehyde and N,N'-Diacetyl-p-

phenylenedismine Without Catalyst.

A mixture of 1.0 g. of terephthaldehyde and 1.4 g. of N,N'-diacetyl-p-
phenylenediamine was heated in a microflask for thirty-five hours at 220°C
in an atmosphere of nitrogen. During the reaction, trace amounts of tere-
phthaldehyde sublimed from the reaction. The mixture was cooled and there
wvas isolated 2.2 g. of a brown polymeric, infusible solid. The infrared
spectrum was taken and no -C=N- linkage could be identified in the spectrum.

b. DA-26-70. Reaction of Terephthaideayde and N,N'-Diacetyl-p-

phenylenediarine With Catalyst.

The procedure of DA-26-59 was used and a mixture cf 1.0 g. of tere-
phthaldehyde, .1.39 g. of N,N'-diacetyl-p-phenylenediamine, and 0.1 g. of
toluene sulfonic acid were reacted for thirty-five hours at 220°C. There
was obtained 2.1 g. of a dark-brown infusible poiymer whose I.R. spectrum
showed the absence of -C=ii- structures.

2. Discussion.

The urcatalyzed reaction between terephthaidehyde and N,N‘-diacetyl-p-
phenylenediamine procecded with reluctance even at 220°C, but more rzadily
in the presence of tolucne sulfonic acid. Polyuer products were obtained
in both cases wihose I,R. spectra showed the absence of -C=N- peaks even
though the poiymers were brown. This reaction evidently does not proceed
according to the reactica given in equatlon 75, and is considered as unsgtis-
factory for the preparation of polymeric azo-methines.

E. From Schiff Fases and N-Acvlamines.

The polymerization reaction of Schifi bases and N-acylaaines can be

generalized as
n ArN=CEArCH=NAr + n RCONHAXrNHOCR =«

2n RCONHAr + {CHATCH=NArNi= . (eq. 73}
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and the specific reaction between p-xylylidene-dianiline and N,N'-diacetyl-
p-phenylenediamine as
n CgEgN=CHCgH,CH=NC;Hg + n CH3CONHCEH,NEOCCH,
2n CH;CONHCgHg + £HCCEH,CH=NCcH, N3 (eq. 77)
This type of reaction was found in Part I not to be very promising for the
syntheses of Schiff bases. However, the reaction of equation 77 was evalu-
ated to determine whether or not polymer formation occurs; and if a polymer

is obtained, to determine whether or not it possesses -C=N- structures.

1. Experimental.

a. DA-26-246. Reaction of N,N'-Diacetyl-p-phenylenedismine and

p-Xylylidene-dianiline Without Catalyst.
A mixture of 2.0 g. of N,N'-diacetyl-p-phenylenediamine and 2.26 g. of

p-xylylidene-diani{line was: heated in a reaction flask equipped with ccn-
denser, etc., at 260°C for twenty-four hours at 20 mm Hg pressure. The
reaction mixture was heterogeneous containing small amounts of ummelted re-
agents during most of the reaction period. After twenty-four hours at 26C°C
the mixture was cooled and examined. The product was not polymeric. By
extraction with alcohol and recrystaliization of the alcohol-soluble and
insoluble portions substantially all of the reagents were rzcovered un-
changed.

b. DA-26-248. Reaction of N,N'-Diacetyl -p-phenvlenecismine and

p-Xylylidene-dianiline with Catalyst.

A mixture of 2.9 g. of N,N'-diacetyl-p-phenylenediamine, 2.96 g. of
p-xylylidene-dianiline and 0.1 g. of toluene sulfonic acid were reacted in
the apparatus of DA-26-246 at 260°C for twenty-Zfour hours at 20 mm Hg pres-
sure. During the course of the reaction there was collected 0.45 g. of
aniline as distiilate and 0.35 g. of N,N'-diacetyl-p-phenylenediamine as &

subiimate. After twenty-four hours reacticn time, the product was cocled;
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it was a yellow, brittle polymeric solid. The yield was 1407 in reference
to the expected Schiff base, indicating that the elimination reaction was
far from complete. The infrared spectra of the polymer did not show the
presence of -C=N- structures.

2. Discussion.

The uncatalyzed reaction between N,N'-diacetyl-p-phenylenediamine
failed to react at 260°C within twenty-four hours. Reaction, however, was
achieved at this temperature when toluene sulfonic acid was used as a cata-
lyst. The yield of the polymeric product was much higher than expected if
a Schiff base had formed. The I.R. spectrum of the polymer showed the ab-
sence of -C=N- linkages. This reaction evidently does not proceed accoxrding
to that given in equation 77, and is considered as not applicable to the
syntheses of polymeric azo-methines.

F. The Problems in Molecular Weight Determination.

Preliminary studies on these polymers indicated that major difficulties
would be encountered in the determinations of their molecular weights. In
these considerations the polymers of ccomplex composition or structures which
were prepared in polyphosphoric acid, N-methyl pyrrolidonme, dimethylnaph-
thaline, etc., were discarded.

The molecular weights of polymers are usually derived from suitable
physical measurements of dilute polymer solutions. The most commonly used
methods derive a molecular weight average from measurement of osmotic
pressure, solution viscosity or light scattering to yicld a number average,
a viscosity average or a weight average, respectively.

1. The Problem Involving Solutions.

It is known49 that polyconjugated polymers become insoluble and infu-
sible at low degrees of polymerization, and solution methods cannot he used
to determine their molecular weights. The poly-Schiff bases of this inves-
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tigation are polyconjugated; they fall within this insolubility pattern and
become insoluble at relatively low degrees of volymerization.

By interrupting the polymerization at low degrees of conversiocn, it mey
be possible to determine the molecular weights of these interrupted polymers
by solution methods. Since they are condensation-type polvmers, they can be
expected to follow the weight-average and number-average distribution shoun

50 At low conversions the number of monomer molecules is more

by Flory.
plentiful than polymer species and that the molecular weight of the most
prevalent polymer is indeed low; and its molecular weight will shift to
higher values with conversion. Information of this type is useful in deter-
mining the conversion at which initial insolubility occurs, but is of little
or no value in correlating phliysical properties with molecular weight in the
insolubility range.

The terms ''solubility" and "solution” when applied to the poly-Schiff
bases require clarification. Most of the reaction pairs used in the polymer
preparations in these studies are soluble in many of the common organic
solvents such as alcohol, acetone, benzene, toluene, etc., and these sol-
vents have been used in these studies to extract unconverted reagoents from
their derived polymers. The yellow, orange, red, browmn, and black polymers
are insoluble in these types of solvents. Vet the yellow, red, broim, and
some black polymers were found to be soluble in 93+4% formic acid, acetic
acid, and acetic anhydride, concenirated sulfuric acid and in a saturated
solution of sodium bisulfite. However, these sclutions are not true solu-
tions of the polymers but solutions of derivatives of thece polymers, as
evidenced by a number of changes in the polymer itself. When a yellow
polymer is dissolved in a bisulfite solution, the brilliant yellow color dis-
appears; the solution becomes colorless, and the solution remains colorless

even after acidification with Hy50,. Obviously, conjugatiom was either lcst
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or sufficiently decreased or interrupted in the polymer, thereby destroying
its color.
The addition reaction of bisulfite to non-polymeric Schiff baces is

35,51-56

reported in the literature, to yield a sulfonic derivative, thus

ArCH=NAr -+ NaBSO3 -*> Ar?X-NEAr (eq. 73)
03Na ’

This same addition reaction undoubtedly also occurred with the yellcw
pélymer since its I,R., spectra showed the disappearance of a conjugated
structure. The solubility of the polymers in the other solvents must also
be attributed to derivative formation, particularly since thcse polymers
cven at the yellow stage are insoluble in dimethyl formemide, diethyl aceta-
mide and dimethyl sulfoxide, which are considered as very active solvents
for most polymers.

The rezztions of ncon-polymeric Schiff bases with somz orgauic com-

pounds which are often used also as solvents have been reported. In the

Wallech reaction57 of an aldehyde and an smine in formic acid, a Schiff
base is obtained58 as an irtermediate, which reacts with formic azid with
reduction to yie1d59’60 an amine:

AxCH=NAr + HCOOH -+ ArCHFEAr+» ArCE,-MEAT + COy (eq. 79

C=0

Ammonium formate and formamides may be substitutedsg’Go for formic
acid in this reactionm.

When the yellow poly-Schiff base is dissolved in formic acid, the
yellow color of the polymer also disappears, indicating that a similar re-
action hes occurred. 3Since acetic acid is not a reducirg acid, reduction
to the amine cannot occur; it was found tc be a poorer solveant for tha
yellow polymer than formic acid, causing only a slight reduction in color,
indicating incompiete acylation.
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Solubilization of the polymeric Schiff bases in acetic anhydride must
)
also be attributed to a chemical reaction since it has been shownsl’ﬁ" thet

non-polymeric Schiff bases react with it, thus:

ArCH=NATr + (CH3C9) 0 Arg?~—-H-Ar (eq. 80)

E"

The yellow peolymer was found to be oniy slightly solubtle in acetic
ankydride even at reflux temperatures, and little or no ccler change
occurred.

The solutiion of yellow polymer in 52804 preduces a yellow sclution
usually cdacker than the color of the starting material; thiz indicates thot
addition to the -C=N- structure, if it occurs, is not complete and that
solution may be due in part to salt formations which are more stable than
the free base,63

Addition reactions to the -C=N- linkage in Schiff btases is no: limited
to the sclvent reagents of the type mentioned ebove, since others are knowm.,

The addition to non-polymeric Schiff bases of HCN,64'67 alkyl halides,68

bromine, %9 crignard reagents,7o'72 73,74

ard active p~hydregan compouands
suck: as methylethvl ketone, malonic esters, etc., are known.

Vhen some of these reagents were evaluated as soclvents for the yellow
polymer, they were found to be much poorer than acetic acid.

If the molecular weights of these polymers ars to ba chtsined from
their derivatives, then the reaction by which the derivative is preparad
should be quantitative. Indications that this is not so wac evident in the
failure of some of the derivates to become colorless, as wouid be expected
if addition occurred at substantially all cf the -C=N- bonds, Attempts to

prepare 17 sclutions cf selected black poiymers in formic acid at room tem-

perature, and at short periods of reflux, failled to yield solution and much
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of the polymer remained undissolved. Removal of the formic acid from thease
solutions, and by filtration, precipitation of the polvmer by the additinmm
of water to the filtrate, yielded black polymers. Even extended p2riods of
reflux of 0.002 g. of the polymer in 10 m! in formic acid yielded a light-
brown solution and not a colorless solution; while some of the polymer still
remained undissolved after twenty hours of reflux. Thess experiments indi-
cate that formic acid is extracting only the lower-molecular weight black
or dark-brown polymers. Similar difficulties were experi=ncdd in attempts
to prepare solution of black polymers in acetic anhydride, sulfuric acid,
and saturated cgueous sodium bisulfite, in that solution was only partial
or that the color of the solution was very dark.

Finally, may other black polymers, which were assumed to be of higher
molecular weight as a result of longer reaction times, etc., were found to
be insoluble or only very slightly soluble, in formic and sulfuric acids.
That these polymers were not crosslinked was shown by "dissolving" them in
benzylidene-aniline.

Practically all of the polymers, whether yellow or brown or black, can
be dissolved in benzylidene-aniline by simply heating the mixture as a melt
in the case of the lower molecular weight polymers, or in the presence of
catalytic quantities of zinc chloride in & melt in the case of the higher
molecular weight polymer. Solution of these polymers is also due to a
reaction by a bis-Schiff base exchange mechanism which "reduces" the average
molecular weight of the polymer by changing ite distribution and therefore,
is of little value in determining the molecular weight of the initial
polymer.

Ccnceivably, it may be possible by determining the moleczular weight
dictribution of the mixtures after reaction with benzylidene-aniline in

various concentrations of aniline, to derive, by statistical methods, the
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probsble distribution of the original polymer. This is an approach which
is far beyond the scope of this project.

2. Difficulties in Elemental Analyses.

Preliminary studies were made to determine if elemental analyses could
be used to give an estimate of molecular weight of the polymer. Considera-
tion was given to those polymers prepared by bis-exchange or in the prescnc~
of beusylidene-ariline, and to those prepared from the dizldehydes and the
dizmines. In all of these polymers, the nitrogen content of the polymer
should increase with the degree of polymerization, that is, with molecular
weight.

The polymers prepared by bis-exchange, or in the presence of bencyl-
idene-aniline are considered as having the structure

CeHsNECHC B, CE=NC{H, N CHE Hq
and when n is 5, , the calculated values for the eleuental compositions ara
ZC=281.55, ZH = 4.85, and 2 N = 13.59,
Sy selecting any or all of the eiements, the values should change with

the value of n, as is shown by the nitrogen contents; then

Valuve of N| % Nitrogen

10.85
11.80
12.80
13.10
13.40
13.59

g«»o-
QOONM

A similar relationship is found in the polymers prepared from the dialdenyde
and the diemine and considered to have the structure
I ~
OICHT H,CH=NC H,N3 1.
When n =0, the per cent valves are % C = 381.53, % H = 4.88, 7 N = 13.59,

and 0 = zero. These valuess also change with the vaiues of n, thus
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Values of n Per Cant

T C B N 0
i 75.00] 5.36 | 12.50 | 7.14
2 78.14| 5.12 | 13.02 | 3.72
6 80.38| 4.94 | 13.39 | 1.28
10 80.85| 4.90 | 13.48 | 0.77
30 - 81.32| 4.87 {13.55 | 0.26
0o 81.53| 4.88 | 13.59 | 0.0

The yellow polymer of terephthaldehyde and p-phenylenediamine, DA-29-S,
as prepared and vacuum-dried to constant weight was analyszed for C, H, and
N. Then it was heated in a nitrogen atmosphere (a) for one-half hour at
200°C and another sample (b) was heated at 250°C for three hours. The
original and post-heated samples were soluble in formic acid. Analyses of
these samples for C, H, and N yielded the following values which were com-

pared to other pul:rl:lshed12 values, sample c.

Per Cent
C H N
Original sample | 80.55 5.25 | 13.58
Sample a 79.74 5.21 | 12.82
Sample b 79.96 4.98 | 13.14
Sample c 78.56 5.15 | 12.47

By comparison of these data, no absolute conclusion can be made for the
n values of the polymer, since, if a value of n is assigned on the basis of
the value of carbon, it does not agree well with the n value assignable
from hydrogen or nitrogen amlyges, etc. The solubility of these polymers
in formic acid and their color indicates that their molecular weights are
are low, yet the carbon analysis of the original samplés indicates n -~ 8,
the nitrogen value indicates n =0O¢Q and the hydrogen value indicates n as
between 1 and 2. Evidently, the elemental analyses are not sufficiently
precise to make the decision required. The anaiyses on these and other

polymers were performed by two well-qualified anslytical laboratories,
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Schwarzkopf Microanalytical Laboratories.; New York, New York, and Midwest Mi-
crolab,. Indianapolis, Indiana; and the pitrogen values were determined in many
cases both by the Dumas and Kheldahl methods.

The problem became more severe when black polymers were analyzed, and the
deviations from calculated values increased with the molecular weight of the
polymers. One of the first problems encountered in the elemental analyses of
the black polymer was that of achieving total combustion of the polymer. A
Dumas analysis of the bis-exchange polymer, DA-29-41, gave the following re-
sults: 2 C, 75.20; % H, 4.74; and 7 N, 6.80, and ash was reported as present;
gielements = 86.747. A separate and total combustion in a crucible over a
meeker burner at red-heat showed that the polymer was ash-free. Upon reanaly-
sis with extended combustion time at higher temperatures, the values obtained
were: Z C, 81.55; Z H, 4.66; and I N, 9.49;2 elements = 95.9%, and no ash.

These values correspond to a n = oo on the basis of C, with a hydrogen
value which is less than the value required for n = ()0, and the nitrogen
value of only about 70% of that required for n = 0g. The difference in the
total elemental values, 100-95.9 = 4.1% cannot be attributed to oxygen since
tke polymer was prepared in the absence of oxygen and because the value of
81.55%Z C corresponds to n = 00 for the polymer of C6H4(CHO)2 with C6H4(NH2)2,
while its hydrogen value is less than the 5.11% H for the aldehyde-amine poly-
mer. Further, an oxygen content of 4.97%, even if it were prepared solely from
the dialdehyde and diamine, is that of a polymer whose value is between n =1
and n = 2,

The first analyses of balck polymer, DA-29-67, prepared from terephthal-
dshyde and p-phenylenediamine were reported as : 2 C = 83.25; ZH = 5.47; 2 N =
6.08. A repeat analysis at higher temperatures and longer compustion times
yielded the valuas: % C = 85.59; % H, 5.17; and % N, 9.76; £ = 100.52%7. In

both analyses of DA-29-67, the value for carbon is high while the 7 N is lower
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than the value of N in any formula that can be written. However, it is inter-
esting to note that the;E'of % Cand Z N = 85.59 + 9.76 = 95.34, which is al-
most identical to an n =/ value of C = 81.55 + N = 13.59 = 95.147%. 1t is
very probable that the oxides of nitrogen produced in combustion are not being
completely reduced to N2 and are incorporated in the values obtained from
carbon as CO,.
The study of the results of the elemental analyses of a number of other

polymers were also made; some of them were:

DA-26-25: from diacetal and diamine;

DA-26 129: from diacetal and diamide;

DA-~26-143: from diacetal and dismide with toluene sulfonic acid;

DA-26-169: from diacetal and diamide in benzylidene-aniline;

DA-26-128: from diacetal and di-Schiff base;

DA-26-146: from diacetal and di-Schiff base with toluene
sulfonic acid;

DA-26-170: from diacetal and di-Schiff base with benzylidene-
aniline;

DA-26~174-1: from diacetal and di-Schiff base with benzylidene-
aniline,

Then, a number of correlations were sought for in such relationships as % N
versus 7, yield; %Z N as a functicn of the polymerization conditions, ard % N
versus % C. No correlation could be established, since the sum of all the
clements did not total 1007 in all analyses.

Sore of these discrepsncies could be attributed to incompiete combusticn
which was reported as ash. In those cases where no ash remzined, there is th2
possibility that other side reactions or incomplete reduction of nitrogen oxi-
des, etc., were responsible for the discrepancies. Another possibility is tha®
the polymer structure is not as represented and that decomposition could have

occurred during its synthesis with loss of nitrcgen in one form or another.
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A still further possibility is that some side reactiom, such as an adduct for-
mation with benzylidene-aniline could have occurred which would have reduced
the nitrogen content of the structure. Both of these possibilities were
examined.

a. Possible Loss of Nitrogen.

It is conceivable that during the course of polymerization, decomposition

of the polymer could occur lowering the nitrogen content of the polymer. The
course of decomposition is at this time unknown, since the polymers appear to
be stable to temperatuxes of at least 400 ~_~450°C. Nonetheless, if the assucp-
tion is made that decomposition can occur, the loss could be explained if thke
products were gaseous and removed from the reaction mixture thus:
C;H gNECHC H, CH=NC H, NICHC s
\{,Decunpos ition
CeHgNH,, N,, (CEN)z, Hy, HCN, 66H4(N52)2, etc.
Accordingly, a polymer was synthesized in benzylidene-aniline and a study
made to determine if gaseous decomposition products were formed.
In another case, a brown polymer, DA-26-98 was prepared from p-xylylidene-

- tetrzathyl ether and p-phenylenediamine, and added to various quantities of
benzylidene-aniline and the reaction studied for possible decomposition pro-
ducts. The reagents in both cases were placed in ampoules, then evacuated to
ramove air, moisture ard volatiles, and sealed. Then the mixture was heated
for extended periods of time and cooled. The gases were then collected end
enalyzed by means of a mass spectrograpn. The polvmers were also isolated eud
extracted with solvent to remove any excess benzylidene-aniline and the I.R.
spectra of the polvmer recorded.

The stability of p-xylylidenetetraethyl ether and beumzylidenediethyl

ether were also evaluated to assure that they weie not decomposing in the
course of the reaction.
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i) Experimental.
(a) DA-26-198. Repeat of DA-26-25 for use in Mass Spectra Studies.

A mixture of 14.119 g. of p-xylylidenetetraethyl ether and 5.40 g. of
p-phenylenediamine were reacted at atmospheric pressure by gradually heating
the mixture from room temperature to 220°C during the course of twelve hours,
and then by slowly raising the temperature to 300°C during the next twenty-
four hours. The yield of yellow-brown polymer was 10.5 g. (105%).

{(b) DA-26-200.

A mixture of 1.5 g. of the polymer DA-26-198 and 3.0 g. of benzylidene-
aniline were placed in an ampoule and evacuated for five hours at 0.03 x 10
mm to remove air, moisture and volatiles and sealed. The ampoule was then
heated at 250-260°C for six hours. During the reaction the mixture became
homogeneous, and viscous and black. At the end of the reaction time, the pro-
duct was extremely viscous and not solid at 260°C, but it solidified on cool-
ing to room temperature. The product was isolated and treated with alcohol in
a Soxhlet extractor for twenty-four hours and there was obtained 3.4 g. (2257)
of a dark-brown polymer and an I.R. spectrum recorded.

{c) DA-26-201.

A mixture of 1.5 g. of polymer DA-26-198 and 4.0 g. of benzylidene-aniline
were sealed and heated in an evacuated ampoule (0.03 x 10.3 mm) equipped with
a break-seal, stopcocks, etc., for sixty hours at 220°C and ten hours at 270-
290°C, and the dark-brown mixture cooled. After reaction and cooling, the
pressure in the 100 cc ampoules was 0.855 Hg; the gases were free of Nz,

Hy, (C=N),, C¢HgNH, and CcH, (NHy);. The m/e in the mass spectrograph showec
a value of 91-92. The polymer was isolated and treated with alcohcl in a
Soxnlet extractor for twenty-two. hours, leaving 3.1 g. (20%) of a brown
polymer.
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(d) DA-26-202.

A mixture of 1.009 g. of dibenzylidene-p-ohenylenediamine, 1.0 g. of p-
xylylidenetetraethyl ether and 2.0 g. of benzylidene-aniline were sealed and
heated in an evacuated ampoule (pressure 0.03 x 10'3 mm) as in DA-26-201 for
forty~eight hours at 220°C and ten hours at 260°C. The pressure in the cooled
150 cc ampoule at the end of the reaction was 0.435 mm Hg, and the m/e of 46
showed it to be ethyl alcohol. The isolated polymer was dark-brown, 1.00 g.
(130%).

(e) DA-26-205. Thermal Stability of p-Xylylidenetetraethyl Ether.

10 g. of p-Xylylidenetetraethyl ether were heated in a flask equipped vith
condenser, receiver, etc., under a slow stream of nitrogen over the range of
220-260°C and samples withdrawn at the following time intervals and the I.R.

spectrum of the sample taken:

Temperature Time, I1.R.
°C hours Degignation
Room 26-105
220 1.0 26-105-1
220 4.5 26-105-2
220 20.5 26-105-3
260 43.5 26-105-4
260 53.5 26-105-5

lio distillate or other products were collected or condensed during the reac-
tion period, and there ware no changes in the I.R, spectra of the samples as
a function of heating time with the exception of a small increase in ‘>C=O
atsorption band, which was so small as not to be considered important.

(£f) DA-256-206. Thermal Stability of Benzylidenediethyl Ether.

The procedure of DA-26-205 was repeated using benzylidene-diethyl ether
instead of the p-xylylidene compound and it too was shown to be exceptionally

stable in the temperature range in which it was evaluated.

iiz Discussion.

Little or no geseous deccmposition products were found in these reacticms.




The very small amount of m/e = ~_92 in DA-26-201 was not identified, but the
very small amount of gaseous products in DA-26-202 was shown to be traces of
ethyl alcohol. It may be concluded that decomposition does not occur during
polymerization and that nitrogen is not lost during the reaction to account
for the low values of nitrogen encountered in polymer analyses.
The presence of traces of alcohol indicates that a minor side reaction

occurs in the polymerization reaction which car be postulated as follows:

HSCZO )C')H

n /CHC6H403 + n C6HSCH=NCGHI¢N=CEC6HS
H5C50 Noc,f \L
o olga—%ﬂa. -gg;ﬂ—s%na-—g?c ol

H CZHJO?B

“CeE cu(oczn\
655 572
/ -C,H50H
=ENC 1, N-CHC B, CB= _Eol:csna- — @m}
major reaction CoHg 25 (eq. 81)
Eels

685
minor reaction

b, Adduct Formation or Reaction With Benzylidene-anil:ce.

The existence of adduct formation, or some complex reaction was cocsi-
dered as possible explanation for low analytical nitrogen vaiues. One such
possibility can be expressed as the reaction of the polymer with benzylidene-

aniline, thus
C A gNECHCH,, CH=NC¢H, N, CHC B

(eq. 82}
CgH5MECHC gH, H——NCgH N4, CHCH 5
s Cgs

or a T-complex of such compounds.
This type of reaction or adduct could also contribute to an overall yield

in excess of 1007 of theory.
- 145 -



(521-67-vd)

7
o

10y%00m)

- 146 -

Towkyog 843l jo wuxldsdg peieajul juoldil v ‘¢ aanfid
(SNO¥DIW) HIONITIAVM
gL vl £l ¢l Il 0] o) 8 L Q 9 |4 € 0
(szi-zely | €011 Hd
- oz
; N A
p >
_ o2
/ ,“ 072
/ V1l 4 =
A { AN >
, / 09 Z
N \ A A \ |/ ot o
[ \/ - et i W "
: Nl | A A\ A 1 3
o / (’ \ W 1\\\\ A Omw;./u
T WY
e jrr 17 LR PR _ﬂ_.\_:_]. 1 T I T -ﬁ___________ T 7 _q:_:_:::OO—
004 008 006 0001 WD 0041 000¢ oomm 000y



|
]
1
To resolve if such types of complex reaction ox formation occur, the I.B.

spectra of a number of polymeis were examined, amcag which wex2:DA-26-67, pre-

psred from terephthaldshyde and p-phenylene-diamire; DA-29-41, prepared from l

a bis-Schiff base exchange; DA-25-25 (or DA-26-198) from diacetal ard ciamine;

DA-26-124, -126, -128, -165, -171, -174, and -177, preparcd from diacetal and

di-Schiff base; DA-26-127, -129, -166, -167, and -169, prepared from diacetalrs

and diacyl amines; and DA-26-200, -201 prepared by heating the polymer cf

DA-26-198 in benzylaniline. The syntheses of these polymers are given in

earlier experimental sections of this report. Also investigated ware polymers

DA-25-186, -196 prepared from diacetals and di-Schiff bases,. DA:6:187, -197

prepared from di-acetals and diacylamines, whose synthesis is given im the ad-

jacent experimental section.

The dialdchyde-diamine polymer, DA-27-67; and the diacetsl-diamiae poly-
mers, DA-26-25 and DA-26-198 were used as reference points for comparison of
the spectra. A typical spectra of £BQC6BACH=NCGEQN4h is shown in Figure 3.

i} Experimentsl.

(2) DA-25-186. Reactiocn of p-Xylylidenetetzaethyl Ether, Ditenzyledene-

-p-phenv!enediamine and Benzylidene-p-chloroaniiine.

A mixture of 4.000 g. of the acetal, 4.036 g. of thz bis-Schiff base &nd
12.0 g. of the monc-Schiff base were reacted under the following ccaditions
and samples taken at the indicated times. The samples were treated with ethyl

alcochol in’ a Soxhlet extractoyr, dried, weighed, and their I.R., spectia recorded.

Sample. Total time,| Temperature| Pressure,| Weight of Extractes
No. hours °C mm Hg Semple for I.R.
-—- i2 220 145 | 00 =eee-

--- 14 260 145 | 00 eeee-
DA-26-186-1 16 310 100 0.35 g.
DA-26-186~2 19 315 10 6.59 g.
DA-26-1£6-3 26 315 5 0.25 g.
DA-26-186-4 40 356 5 1
DA-26-186-5 45 500 5 0. .
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Total yield of precipitated polvmer, 2.7 g. (93%).

(b) DA-26-196. Reaction of p-Xylylidenetetraethyl Ether, Dibenzylidene-

p-phenylenediamine and Benzylidene-aniline.
A mixture of 5.0 g. of the acetal, 5.045 g. of the Schiff base, and 10.0

g. of benzylidene-aniline were reacted similarly to DA-26-186 but under the

following conditions.

Sample Total time, Tempetaturel Pressure {Weight of Extracted
No. hours °C mm Hg Sample for I.R.
DA-26-296-1 6 250 atmosphere 0.21
DA-26-296-2 12 250 atmosphere 0.30
----------- 33 260 atmosphere -——-
DA-26-296-3 58 260 15 0.30
DA-26-296-4 97 260 2 1.33
DA-26-296-5 133 260 2 0.76
DA-26~226-6 206 260 2 5.8%
DA-26-296-7 281 260 2 3.00

Total weight of extracted products, 5.74 g., (154%).

S e

(c) DA-26-187. Reaction of p-Xylylidenetetracthyl Ether, I, N'-Diacetyl-

p-pheny’enediamine.ard Bénzylidene-p-chlorcanili-z.

A mixture of 4.0 g. of the acetal, 4.036 g. of the diamide and 12.0 g. of
the Schifl base were reacted according to the temperature, pressure, and time
schedule of DA-26-186, and samples of DA-26-187-1 to DA-26-187-5 inclusive,
taken; extracted with ethyl alcohol and the I.R. spectra taken. Total weight
of balck polymer 3.05 g. (105%).

t
4y DA-26-197. Rcaction of p-Xylylidenetetracthyl Ether, iX.N-Diacetyl-

p-phenylenedizsmine and Benzylidene-aniline.

A mixture of 5.0 g. of the acetal, 3.407 g. of the diamine and 8.0 g. of
benzylidene-aniline were reacted according to the tzmperature, pressure and
time schedule of DA-26-196 and tke infrared spectra of samples DA-26-197-1 to

DA-26-197-7 inclusive taken after extraction with ethyl alcohoi. Tstal dark-
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brown polymer 4.94 g. (1357).

ii) Discussion.

A comparison of the I.R, charts with reference charts of DA-29-67, and
DA-26-25, -198 having typical poly-Schiff base absorption bands, with those
polymers prepared in benzylidene-aniline showed changes in the I.R. spectra.
First, it was difficult to determine if there was a decrease in the concentra-
tion of the -C=N- in the products (1600 cm'l) because the newly added phenyl
ring has an absorption band in the 1600 c:m”1 region. The I.R. spectra of
those products which were soluble were made on products which were reprecipi-
tated from formic acid solutions into alcohol and were considered free of ex-
cess benzylidene-aniline. In the case4of the insoluble products, the I.R.
spectra were taken on Soxhlet-extracted samples. All of these products showed

1

absorptions in the region of 690 em ~ and 760 cm..1 attributable to CcHe-

greater than was found in DA-26-25. Many of the polymers that showed higher

absorption in the 690 and 760 cm’}

regions were lustrous black and of higher
molecular weight than the yellow polymer of DA-26-25, whose conjugation is
less extensive. On this basis, one would expect that the black polymers would
contain less CSHS' groups. Even in the case of polymers DA-26-200, -201 which
are the products obtained by heating. DA-26-25 in benzylidene-aniline, the
I.R, spectra showed an increase in the number of C¢Hs- ends. These results
indicate incorporation of some kind of the CgH5CH=NCgHg into the polymer.
This could be the result of either complex-adduct formation or bis-exchange
reaction. Some interesting observations were made in the changes of the spec-
tra in the reactions of DA-25-186, -187 as a function of time. In the early
stages of the reaction, the typical spectrum of poly-Schiff base was observed,
which then was followed in time by an increase in the concentration of Celis-

structures.

First, if adduct formation is considered and one benzylaniline molecule
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complexes with each segment in a polymer of n =00, thus

=[=cncﬁnacn=ncanan=lc=)@ - 4‘3‘0634?3"?"5“4“530 R (eq. 83)
+ P
Adduct A

the yield and elemental analysis will also change

|
ield Original Polymer Adduct A
e 100% 187%

% C; H; N| 81.50; 4.85; 13.59} 83.72; 5.42; 10.85

If a ccmplete bis-exchange reaction occurs, then a low molecular weight non-
rolymeric product should be obtained as the final product:

~ L} =]
£CHC H,CH=NC H,N} + n CgH;NECHCH,CH=NC H,NMCHCHs + (n'-n)CeH5CH=NCH;

+
, Reaction Product B (eq. 84)
n CsﬂSCB—N0685 |
and the yield and elemental analysis will correspond exactly to the values
found in Adduct A.

As an extreme case, the oligomer where n = 1 (reaction product B) can

also be considered as complexing with more benzylaniline, thus

GeH5N=CRCgH, CL=NCEH,N=CHCgHs + CoH5N=CHCEH,CA-NCEIN=CHCEHS  (oq. 85)
% °

Yy Y}

Adduct C
The calculated elemental values for adduct C are: % G, 84.68; Z H, 5.46; and
% N, 9.68. The yield relative to reaction product B is 146%; and the yield
relative to adduct A is 275%.

All the products, adduct A, reaction product B, and adduct C reflect an
increase in CcHs- bonds, so they cannot be distinguished on thst basis. 'The
reaction product B of n = 1 and adduct C (n = 1) are expected to be very solu-
ble; a characteristic that is not found in these polymers. There remains,

then, as possible range for the polymer products, as one extremz, an A-type

- 150 -



adduct with O to OC molar amounts of benzylidene-aniline complexed with the
polymer, to the other limit, a B-type reaction product with various values of
n higher than one, which caun also iomm complexes with benzylidene anilime.
The limits of elemental analysis, therefore, are

% C : 81.50 to 84.68

ZH

4.85 to 5.46

%ZC : 12.59 to 9.68.
Some of the polymers fall within this range; in others, one or more elements
may fall within the range and the remainder out of range. In terms of analy-
sis and yields, the polymers under study appear to be B-type reaction polymers,
CH5CHENC H, N=CHC ¢H, CBI, NCcH; with n' moles of CgligCH=NCgH; complexed with it.

Non-polymeric, four-membered ring compounds, Ar-g-g—Ar, have been pre-
Ar-N-C-Ar

pared75 and found to be very unstable, regenerating the Schiff bases easily.
Rings of this type should also form with a Schiff base polymer, but as in most
polymes reaction, not all of the Schiff linkages in the polymer can be expac~
ted to react. Also cnce the complexes formed, removal of the benzylidene-
aniline will be made more difficult by a polymeric medium of high viscosity
a8 compared to the unhindered decomposition of a non-polymeric four-uembered
ring compound. Nonetheless, the removal of compiexed banzylidene-aniliine
should be more facile than the generation of benzylidene-aniline resulting
from the reaction of the termini of the pclymer chaias, thus

AAM:NCGH‘,;I:CHCGBS + CgligN=CHCH,CH=Ar~ > (eq. 86)

W@NGsﬂsﬂ-C@SC’H:MM + CGHSCH=NCGES

In those preparatiomns, in which benzylidene-anilire is involved in the
preparation either as a by-product in the Schiff-base exchange, or where it is
used ‘as a solvent for the reaction, or where a low molecular weight poiymer is

post-reacted in it, or when an insoluble, infusible polymer is reacted with it
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in ZnCl,, the yield of polymezr recovered was always higher than 1GJ% at reac-

tion temperatures up to 330°C even when heated at 1.5 mm Hg pressure. How-

ever, when they are heated to ~ 400°C some benzylidene-aniline is eliminated
rapidly, and this probably is complexed benzylidene~-aniline. After this, more
benzylidene-aniline is eliminated at much slower rate, such as would be ex-
pected from the kinetics due to a decreasing concentration of functional
groups, and eveniually a theoretical yield is approached. Even then, the
analytical values for C, H, and N are not sufficiently precise to yield an

estimate of molecular weight.

3. Molecular Weight from Spectral Methods,

a2) From EPR Spectra.

Preliminary messurements were made on some of the polymers to determine
vhether or not signal intensity could be correlated to molecular weights.
An increase in the degree of conjugation in a conjugated system tends to de-
crease the binding energies of the 7-electrons in the systems. This decraase
in the binding energy is due to resonance within the System.76 Thus, from
purely theoretical consideration, one may expect that the Ji-electrons in
long conjugated chains would be held rather weakly so that low excitation
energies will cause electrons to flow along the chain. Molecules possessing
high degrees of conjugation should show conductivity. This phonomencn has

7
been observed in certain condensed aromatic systems7 such as phthalocysnin2
and anthracene which wg;e shown to possess semi-conductor properties

and to obey Ohms' law. These properties are due to the existence of trapped

radical or unpaired electrons or to both in the chemical structure and these
substances give intense bands in the ESR apectrum.78’79 The areas under the
peaks are proportional to the number of unpaired electyons in this structure.
In the poly-Schiff bases, the signzl is attributed to the unpaired elec-
tyons in the -C=N- structure. A number of polymers were evaluated and among

these were the polymers of DA-29-8, DA-29-41, DA-26-25, DA-26-129, DA-26-168.
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DA-26-169, DA-26-170, aand DA-26-172, All showed Ligh signal response. Some
typical XFR sigrals are shown in Figure 4.

In the relationshLins of.gx'lgh and H in Figure 4, the narrow signal with-
out a superfine structuze confirms the existence of unpaired electrons on
the polymer. An effort was made to correlate dX'/dH vs H to molecular weight
by evaluating samples of polymer withdrawn from a reaction as a function of
increasing time, and therefore to molecular weight with increasing conjuga-
tion. The preliminary efforts to correlate signal intensity or areas under
the peaks with probable sizes of the polymer were not initially successful.

b. From I.R, Spectra.

As molecular weight increases,a shift occurs in the conjugation bands in
the I.R. spectra. ‘A preliminary investigation of these regions have indica-
ted this technique is not satisfactory as a tool for determining molecular
weights.

4. Some Conclusions Regarding Molecular Weight Determination.

The preliminary attempts to establish a method of determining molecular
weights of the polymers of this research already indicate that it is an ex-
tremely difficult task. It is believed that the solution to this problem is
a major research project in itself. The problem of determining the molecular
weights of the so-termed infusible, insoluble polymers is not peculiar to the
Schiff-babe polymers alone. It is common to the poly-aromatics, poly-benzi-
midazoles and a number of others. It is also believed that further progress
in this research will suffer if too much effort is diverted to studies con-
cerned with establishing a method for molecular weight determination. As
methodology research, it should be considered as part of the broader problem
involving other "imsoluble' polymers. It appears that in this project, we
will have to rely on other types of physical measurements, such as TGA, DTA,
and modulus of elasticity in flexure, etc., as tools to evaluate the polymers
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G. Summary and Conclusions

In these studies it was shown that
Aromatic, conjugated, polymeric Schiff bases could be prepared
from the nine reaction pairs:
(a) aromatic dialdehydes and aromatic diamines;
(b) aromatic dialdehydes and aromatic diamine hydrochlorides;
(c) aromatic diamines and aromatic di-Schiff bases;
(d) aromatic aldehydes and aromatic di-Schiff bases;
(e) an aromatic di-carbonyl Schiff base and another aromatic
diamine Schiff base;
(f) aromatic diacetals and aromatic diamines;
(g) aromatic diacetals and aromatic diamine hydrochloride;
(h) aromatic diacetals and N,N-acylyl aromatic diamines;
(i) aromatic diacetals and aromatic di-Schiff bases;
of which all but the reaction (a) of dialdehydes and diamines are new
reactions.
The two reaction pairs:
(j) aromatic dialdehyde and N,N'-diacylaryldiamines;
(k) aromatic di-Schiff bases and N,N'-diacylaryldiamines
reacted with difficulty and failed to produce polymeric Schiff bases.

A number of polymeric azo-methines, besides Schiff bases, were also

prepared by some of these reactions to demonstrate their applicability

to the synthesis of other polymers. Some of them may be useful as

carbonizing ablators.

Solution polymerization of the reaction pairs in media such as alcohol

water, toluene, benzene, tetralin, etc., do not yield black polymers
but lower mbdlecular weight, yellow: to orange, "brick-Zdust' polymers.

A number of reaction pairs failed to react in such media.
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10.

11.

The melt-poiymerization of the reaction pairs, including the dialdehydes
and diamines, yield higher molecular weight polymers, usually blacker
in color than obtained by solution polymerization, and that many reac-
tion pairs react in a melt-polymerization which do not react in a solu-
tion polymerizatiom.

Solution polymerizations performed in certain high-boiling media such
as N,N-dimethyiraphthylamine, N-methylpyrrolidone and polyphosphoric
acid yield polymers in which the solvent is bound either by copolymeri-
zation as in the case of the pyrrolidone, by co-reaction as in the case
of polyphcsphoric acid or by some form of complexing as in the case of
the dimethylnaphthalene and should be avoided.

Molten benzylidene-aniline was found to be an excellent solvent for the
polymerization reactions and that it functioned as a moderator by par-
ticipating in the reaction either by an exchange mechanism or by adduct
formation or by beth mechanisms.

Yellow or orange, fusible poly-Schiff bases dissolve readily in benzyl-
idene-aniline and can be converted to black polymers by continued
reaction.

Black, soluble, fusible poly-Schiff bases can be prepared by interrupt-
ing some of the reactions before completeconversion.

That polymerization of infusible, insoluble brittle black polymer can
be continued in the solid state to much less brittle product.

That black polymers can be prepared which are infusible, and insoluble
in boiling benzylidene-aniline for extended periods of time. However,
the presence of catalytic quantities of a Lewis acid will cause solu-
tion to occur probably by an exchange mechanism. Resolution lends some
support to the belief that the polymer is substantially linear and not
crosslinked, and that the infusibility and insolubility is due to
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12.

13.

14.

15.

16.

17.

18.

19.

reconance stabIlization, polarization between chains, etc.

The black polymers can be prepared which are completely soluble, par-
tielly solubie or insoluble in formic acid.

The deteimination of mclecular weights of the polymers will be most
difficult.

That the soluticn of low molecular weight polymer in such solvents as
foimic acid, acetic acid, acetic anhiydride, and aqueous sodium bisul-
fite is only apparent and that solution occurs by derivative formation;
whereas solutions in concentrated . zulfuric acid appears to be solutions
of the sulfate sait in excess acid.

That the higher molecular weight polymexrs are only slightly soluble

in the above solvents due to incomplete derivative formation.

Low molecular weight polymers dissolve in benzylidene-aniline and that
solution of higher molecular weight polymefs in benzylidene-aniline
does not occur unless zinc chloride is present, in which case, a bis-
exchange reaction occurs causing a redistribution of the polymer chains
to lower molecular weights and that this solution is of no value in
determining the molecular weight of the original polymer.

That the higher molecular weight polymers are refractory and present
problems in the elemental analyses for C, H, and N.

That polymers prepared in the presence of benzylidene-aniline, or syn-
thesized by a Schiff base exchange which generates it, contain the
benzylidene-aniline as the terminal ends of the polymer as wellas in:%he
form of adducts or complexes with the polymer; that both factors appear
to explain many cases of higher than theoretical yields and that
benzylidene-aniline can be eliminated at high temperatures.

That low analytical values for nitrogen are not due to the loss of

nitrogen or nitrogen compounds during synthesis.
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20.

22.

23.

Thet the values of 7 C or % N obtained from elemental analyses cannot
be used to estimate molecular weighi.

EPR and I.R, nethods are not satisfactory for estimating molecular
weights.

That the polymers show an intense EPR signal; that they contain un-
paired electrons in the -C=N- linkage and that they have the extended
conjugation required for good organic semi-conductors.

Sufficient data has been acquired on which to select the better poly-

merization systems for detailed research.

H. Polymer Systems Seclected for Further and Detailed Studies.

One of the major purpcses of the studies undertaken in this report was

to develop data on which to select the most promising systems among those

studied for continued and detailed research. The systems chosen are:

p-CéEA(CBO)z with m- or p~0634(ﬂﬂz)2 in CéﬂacB=NC6B .
Prepolymer of p-Csﬂ4(CHO)2 with m- or p-C6H4(NBZ)2 in CgH5CH=NC¢Hg.
a; Pis-exchange ol
m- or p-CgHsCH=NCgH,N=CHC¢Hs5 with p-CgH;N=CHCH,CH=NC¢Hs
b. the bis-exchange of 3a in CgH5CHB=NCgHgs.

The carbonyl exchange

R R
a. of p-Cgl,(CHO), with the ketanil, m- or pi‘“.’;C:.NC'BHaN:C\ .
R " \r

b, the bis-exchange of 4a in CGBSCH=NCBBS‘
Acetal exchange with Schiff base

a. CgH,[CH(OR),], with CcH, (N=CHCgHs),

b. the exchange of 5a in C6H5CH=NC6H5.
Acetal reaction with N-acyl amines

a. CgH,[CH(OR),], + CgH, (NHOCCH,),

b. acetal reaction of 6a in CGHSCH=NC6HS‘
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